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Adequate fruit and vegetable (FV) consumption is critical for child growth and 
development, healthy immune function, and quality of life. Despite national and international 
efforts, FV consumption remains below recommended levels. In addition to the importance 
of FV amount, consumption of FV variety is important to meet micronutrient needs. Less is 
known about FV variety consumption, particularly among U.S. adolescents. This dissertation 
explored FV variety through a systematic review of operationalization of FV variety and 
analysis of cross-sectional data from Texas School Physical Activity and Nutrition Survey 
(Texas SPAN) 2015-2016 data. The systematic review of FV variety p great variation in 
operationalization of variety in the literature, identified the gap in the literature regarding FV 
variety among U.S. adolescents, and demonstrated the importance of FV variety as 
associated with important healthy lifestyle and dietary behaviors, among other aspects of 
health. A sample of n=9,056 8th and 11th graders weighted be representative of N=659,288 
was included in these analyses. Adolescent FV variety consumption among Texas 8th and 
 
 
 
11th graders was examined in association with demographic factors and overall dietary 
quality, and with weight status and intention to lose weight. Adolescents living on the Texas-
Mexico border consumed lower V variety and FV variety than those in non-border regions.  
No significant differences were found in variety by race/ethnicity or socioeconomic status.  V 
variety and FV variety were associated with higher dietary quality scores among adolescents 
in the highest SES tertile.  Adolescent girls with obesity who intended to lose weight 
consumed higher V and FV variety than adolescent girls with obesity who did not intend to 
lose weight.  FV variety can be an important component of health promotion efforts for 
adolescents of all weight categories, including adolescents with obesity who intend to lose 
weight. This dissertation contributes to filling a gap in the literature regarding FV variety, 
underscored the importance of variety for health promotion efforts due to important nutrient, 
dietary, and lifestyle links, as well as demonstrated changeability through intervention.  FV 
variety is a distinct construct from FV quantity and is a critical area for future research. 
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BACKGROUND 
Adequate fruit and vegetable (FV) consumption is critical for child growth and 
development, healthy immune function, and quality of life.1,2 FV intake is recognized as 
reducing chronic disease risk in childhood and adulthood, including type 2 diabetes, obesity, 
heart disease, and multiple types of cancer.2-5 Higher FV intake is associated with higher 
vitamin intake in adolescents.6 Despite national and international efforts, child FV 
consumption remains below recommended levels.2 While differences in FV intake exist, 
inadequate FV consumption can be seen across socioeconomic status, race/ethnicity, gender, 
and age.2  
The World Health Organization (WHO) estimates that inadequate consumption of FV 
contributes to about 14% of gastrointestinal cancer deaths, 11% of ischemic heart disease 
deaths, and 9% of stroke deaths.7 Further, the WHO cites low FV consumption as one of the 
top 10 risk factors for mortality worldwide.7  Likewise, adequate FV consumption is 
associated with reduced risk of type 2 diabetes, obesity, cardiovascular disease, and some 
cancers among adults.2-4,7 Low FV consumption is associated with higher body mass index 
(BMI) and increased risk of obesity.8 Children with overweight or obesity experience 
increased risk of developing type 2 diabetes osteoporosis, some cancers, cardiovascular 
disease, and other complications later in life.4,9  
Additionally, FV consumption tends to decrease with age10,11, and lifestyle habits 
formed during childhood and adolescence tend to persist into adulthood.12 Increasing FV 
intake among families at risk for childhood obesity may be an effective approach to improve 
child dietary habits and prevent increases in percentage overweight among children at high 
risk of obesity.13 
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Fruit and Vegetable Variety 
In addition to the importance of the amount of FV consumed, consumption of a 
variety of FV is important to meet micronutrient needs, as different nutrients are found in 
different types of plants.9 Variety is also important because some of the most commonly 
consumed FV items for children and adolescents include juice and potatoes which tend to be 
higher in calories than other vegetables and whole fruits because of preparation.14 Potatoes 
are high in some important vitamins and micronutrients, such as fiber, potassium, 
magnesium, iron, and zinc, but are often prepared with the addition of fats such as cream, 
cheese, and butter which results in higher overall caloric value.15 Likewise, fruit juices with 
added sugars are higher in calories and lack the fiber provided by whole fruits.2 The U.S. 
Dietary Guidelines for Americans reflect the importance of variety, indicating that a variety 
is critical across and within food groups to meet nutrient needs.2 
The 2015-2020 U.S. Dietary Guidelines for Americans define variety broadly as “a 
diverse assortment of foods and beverages across and within all food groups and subgroups 
selected to fulfill the recommended amounts without exceeding the limits for calories and 
other dietary components.”2 The guidelines highlight the importance of consuming 
vegetables from a variety of vegetable subgroups including dark green, red and orange, 
legumes (beans and peas), starchy, and other.2  
Literature Review  
Most existing literature around FV consumption considers amount of FV consumed, 
assessing correlates or determinants of FV consumption, or focus on interventions intended 
to increase the amount of FV consumed. Very few studies have assessed the importance of 
variety of FV consumption, and most of those that do have focused on European adults.16,17 
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The few studies that have targeted FV variety in children use food models consisting of only 
two or three distinct vegetable items to assess variety in consumption, and therefore may be 
capturing a very limited perspective on FV variety (14). Operationalization of FV variety 
from the literature is different across studies (Table 1).
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Table 1. Operationalization of Fruit and Vegetable Variety from the Literature 
Source Operationalization of 
Variety 
Number and Types of Vegetable Groups/Items Number and Types of Fruit Groups/Items 
Oude 
Griep et 
al., 2012 
16 
Sum of different FV items 
eaten at least once per 
week over the previous 
year 
13    items: (specifics not given, some items were  
         grouped together) 
 Note: Potatoes, legumes, and vegetable juices were not counted 
as vegetable items.  
9 (specifics not given, some items were 
grouped together) 
 Note: Fruit juices were not counted as a fruit 
item.  
Do et al., 
2008 14 
Sum of different FV types 
eaten at least once per 
month; measurement 
referred to the previous 
year 
14 groups: French fries/fried potatoes/hash browns; other 
potatoes; peas/green beans/lima beans; refried beans/chili 
beans/etc; carrots; broccoli/cauliflower/spinach/greens; 
pickles/onions/cucumber/celery/ olives; tomato sauce/spaghetti 
sauce/barbecue sauce; green salad/lettuce; mixed vegetables; 
other vegetables; catsup/ salsa; tomatoes; vegetable 
soup/stew/vegetable drinks  
12 groups: oranges/grapefruits; 
apples/applesauce; peaches/nectarines/plums; 
berries; other fresh fruits; dried fruit like 
raisins or prunes; fruit salad/canned fruit/fruit 
cocktail; banana; 
cantaloupe/honeydew/melon; watermelon 
Tichenor 
et al., 
2015 18 
Overall FV variety 
indicator: consuming fruit 
as well as each subgroup of 
vegetables at least once per 
week  
4 groups: Beans - cooked or canned, refried, baked, black, 
garbanzo, beans in soup, edamame, tofu, lentils - not including 
long green beens; Dark Green - dark green vegetables ex: 
broccoli, dark leafy greens including romaine, chard, collard 
greens or spinach; Orange - ex: sweet potatoes, pumpkin, winter 
squash, or carrots; Other - ex: tomatoes, tomato juice or V-8 
juice, corn, eggplant, peas, lettuce, cabbage and white potatoes 
that are not fried, such as baked or mashed potatoes 
2 groups: 100% pure fruit juice; fresh, frozen, 
or canned fruit 
Jansen et 
al., 2004 
17 
Sum of number of fruits 
and vegetables eaten at 
least once per month in the 
previous month 
27 Items/groups; further details not provided  
 Note: Potatoes were not included in the vegetable group 
7     Items: strawberries, berries, grapes, 
peaches, cherries, prunes, and apricots 
Buchner 
et al., 
2010 19 
 
Diet diversity scores for 
items eaten in the previous 
2 weeks; DDSvegfr (0-40); 
DDSveggr (0-8); DDSfr 
(0-14) 
10 vegetable subgroups: unclassified; leafy vegetables; 
fruiting vegetables; root vegetables; cabbages; mushrooms; grain 
and pod vegetables; onion and garlic; stalk vegetables and 
sprouts; mixed salads and mixed vegetables 
 Note: legumes, potatoes, and other tubers were not included in a 
count of vegetable items.  
6 Fruit subgroups: unclassified; citrus fruits; 
fruits non-citrus; nuts and seeds; mixed 
fruits; olives  
 Note: The consumption of fruit included 
fresh, dried, and canned fruits but excluded 
nuts, seeds, and olives 
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Source Operationalization of 
Variety 
Number and Types of Vegetable Groups/Items Number and Types of Fruit Groups/Items 
Meengs et 
al., 2012 
20 
Intervention study included 
provision of 3 different 
vegetables 
3      broccoli florets, snap peas, baby carrots N/A 
Bucher et 
al., 201121 
Experiment – 3 different 
food model vegetables 
offered 
2    Model cooked carrots, model cooked green garden beans, or 
provision of both model cooked carrots and green garden beans 
offered at the same time 
N/A 
Bucher et 
al., 2014 
22 
Experiment - 1 or 2 
different food model 
vegetables offered; 
children ages 7-10 
2    Model beans or model carrots, or provision of both model 
beans and model carrots 
N/A 
Ramsay 
et al., 
2017 23 
Sum of FV items eaten ≥1 
on recalled day; preschool 
children  
4    Dark green vegetables; red and orange vegetables; starchy 
vegetables (including fried potatoes); other 
3     citrus whole fruit (including cut-up fruit); 
non-citrus whole fruit (including cut-up 
fruit); 100% fruit juice 
Note: all studies included adult participants with the exception of Bucher et al., 2014 and Ramsay et al., 2017; ages of children are noted in the description 
of the operationalization of variety.  
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Fruit and Vegetable Nutrient Sources 
 FV provide many nutrients including dietary fiber, potassium, vitamin A, vitamin C, 
vitamin K, copper, magnesium, vitamin E, vitamin B6, folate, iron, manganese, thiamin, 
niacin, and choline.2 For example, cooked beans are a good source (10-19% of recommended 
daily value) of protein, potassium, magnesium, and iron, and an excellent source (<20%) of 
fiber and folate.24 Cooked broccoli is a good source of fiber and an excellent source of 
vitamin C and folate.24 Sweet potatoes are a good source of fiber, potassium, and vitamin A, 
and an excellent source of vitamin C.24 More FV nutrient links are presented in Tables 2 and 
3.  
Table 2. Vegetable Subgroups and Examples from the Dietary Guidelines for Americans 
2015-2020 with Example Nutrients 2,24,25 
Vegetable 
Subgroup 
Example Items  
Example Nutrients 
Provided  
Dark 
Green 
Vegetables  
Broccoli, Spinach, Leafy Salad 
Greens (Including Romaine Lettuce), Collards, 
Bok Choy, Kale, Turnip Greens, Mustard Greens, 
Green Herbs (Parsley, Cilantro)  
Vitamin K,  Vitamin C, 
Folate, Fiber, Calcium 
Red and 
Orange 
Vegetables 
Tomatoes, Carrots, Tomato Juice, Sweet Potatoes, 
Red Peppers (Hot and Sweet), Winter Squash, 
Pumpkin  
Vitamin A, Vitamin C, 
Vitamin E, Folate, 
Potassium, Iron, Fiber 
Legumes 
(Beans 
and Peas) 
Pinto, White, Kidney, and Black Beans; Lentils; 
Chickpeas; Limas (Mature, Dried); Split Peas; 
Edamame (Green Soybeans)  
Dietary Fiber, 
Potassium, Vitamin A, 
Calcium, Magnesium, 
Iron 
Starchy 
Vegetables 
Potatoes, Corn, Green Peas,  Limas (Green, 
Immature), Plaintains, Cassava  
Potassium, Fiber, 
Folate, Vitamin C 
Other 
Vegetables 
Lettuce (Iceberg), Onions, Green Beans, 
Cucumbers, Celery, Green Peppers, Cabbage, 
Mushrooms, Avocado, Summer Squash (Includes 
Zucchini), Cauliflower, Eggplant, Garlic, Bean 
Sprouts, Olives, Asparagus, Peapods (Snowpeas), 
Beets  
Wide variety of 
nutrients including 
potassium, vitamin C, 
vitamin A 
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Table 3. Examples of Commonly Consumed Fruits and Nutrients for which they 
are Good (10-19% of Recommended Daily Value) to Excellent (>20% of 
Recommended Daily Value) Sources Based on a 2,000 Calorie/day Diet26 
Fruit Nutrient 
Apple Potassium, fiber 
Banana Potassium, vitamin C, fiber 
Cantaloupe Vitamin A, vitamin C, potassium 
Grapefruit Vitamin A, vitamin C, potassium 
Honeydew melon Vitamin A, vitamin C, potassium 
Lemons, limes, oranges Vitamin C, potassium 
Kiwifruit Vitamin C, potassium, fiber 
Strawberries Vitamin C, potassium 
Watermelon Vitamin A, vitamin C 
 
Fruit and Vegetable Variety in Adults 
While FV variety has been shown to be associated with higher overall FV intake and 
micronutrient intake16, most work on FV consumption has focused on amount rather than 
variety.  A systematic review and meta-analysis of cohort studies on FV consumption and 
mortality from all causes, cardiovascular disease, and cancer found that higher FV intake is 
associated with lower risk of mortality, and for cardiovascular mortality.4 The importance of 
variety of FV has been examined relative to health risks among European adults.16,17,19 FV 
consumed was inversely associated with risk of lung cancer among adult current smokers 
[hazard ratios (HR), 0.73, 95% CIC, 0,57-0.93 highest versus lowest quartile; p  trend = 
0.03].19 Likewise, consumption of a variety of vegetables, but not quantity, was inversely 
associated with non-lung epithelial cancer among adults in a prospective cohort study of 730 
Dutch men followed over 10 years.17  
Variety has also been examined as a strategy to improve meal composition and 
increase consumption of vegetables intake among adults.20,21 Serving a greater variety of 
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vegetables at meals increased vegetable intake without increasing overall caloric intake.20,21 
When adults were provided with one vegetable or three vegetables at meals, participants 
increased vegetable consumption by about ½ a serving when offered three vegetables at one 
time in a relatively small sample of 66 U.S. adults.20 When provided with a selection of food 
replica vegetables at a buffet and instructed to compose a meal they would like to eat, adults 
selected more vegetables when offered two choices of vegetables than when provided with 
only one vegetable option, with percentage of energy from vegetables increasing to 10.9% in 
the two-vegetable condition from 6.1% (beans) and 8.0% (carrots) in the one-vegetable 
conditions.21 However, this study only included 98 adults, and because it relied on food 
models, it may not necessarily translate to increased consumption.  
Fruit and Vegetable Variety in Children 
There is limited research on the role of FV variety among children. Similar to these 
studies conducted with adults, when provided with two vegetable options at a food buffet 
using food models, children selected more vegetables than when provided with only one, but 
did not increase the overall caloric value of their meal.22 However, similar limitations exist – 
because the food was not real, selection may not translate into actual consumption. In a study 
of preschool children, Ramsay et al., found that greater variety of FV was associated with 
better overall dietary quality.23 
Where FV has typically been considered solely in terms of quantity, there may be 
synergistic effects at the biochemical level of FV when consumed together that have not yet 
been identified. There are established links between specific FV and micronutrients, 
phytonutrients, and bioactive compounds.27 For example, beta-carotene, found in orange 
fruits and vegetables, is a source of vitamin A.28 Based on established FV-nutrient links and 
  
   
9 
 
the lack of research on FV variety, additional research on FV variety is needed. I propose that 
FV variety is an additional layer of operationalization of FV consumption. Both FV amount 
and FV variety are important components of FV consumption for health promotion. 
Interventions to Increase Fruit and Vegetable Intake 
 There have been many interventions developed to increase FV consumption, with 
varying levels of demonstrated success. A systematic review of interventions to increase FV 
consumption among adults found that interventions can successfully increase FV 
consumption.29 Individual support and phone or computer-tailored information were 
effective, and community-based multicomponent interventions also showed positive 
effects.29 A review of worksite health promotion interventions found that worksite 
interventions were generally successful to increase FV consumption but these conclusions 
are limited by quality of the studies and reliance on self-report measures.30 
A review of interventions to increase FV consumption among children also showed 
positive findings that interventions can successfully increase child FV consumption.31 Multi-
component interventions to increase child FV consumption were the best supported by the 
evidence.31 A systematic review of school-based interventions to increase FV consumption 
among children 5-12 years old found that school-based interventions can be effective to 
improve fruit intake but have less impact on vegetable intake.32 
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Figure 1. Model of Proposed Dissertation – Fruit and Vegetable Variety as an 
Operationalization of Fruit and Vegetable Consumption 
 
Gaps in the Literature 
While the need for adequate FV consumption is established for proper growth and 
development2,8,9, less is known about the variety in current FV consumption or the role of 
consuming a variety of FV relative to health risks or growth and development among 
children in the United States. Most evidence is focused on the amount of FV – either 
measuring or increasing it, but there is little understanding of the composition of FV intake or 
why variety is important. Further, while trends regarding amount of FV consumed from 
childhood into adulthood are established - FV intake tends to decrease from childhood into 
adolescence11, less is known about how variety of FV consumed may fluctuate with 
Weight	
Status		
Gender	
Border/non-
border		
Intention	to	
Lose	Weight	
Race/Ethnicity	
SES	
Modified	
SPAN	Health	
Eating	Index		
Fruit	and	
Vegetable	
Quantity	
Fruit	and	Vegetable	
Consumption	
Established	in	the	Literature	
Paper	2	
Paper	3	
Paper	1	
Fruit	and	
Vegetable	Variety	
	
	
  
   
11 
 
increasing age. Given the importance of FV intake for proper growth and development, the 
decrease of FV intake from childhood into adolescence11, links between FV variety and total 
FV intake among adults16, and the paucity of research on the importance of variety of FV 
consumed by children and current rates of FV consumption in terms of variety, it is critical to 
establish a better understanding of the role of variety in child FV consumption.  
Public Health Significance 
This proposal seeks to examine the role of variety in FV and how it can contribute to 
public health interventions to increase consumption of FV.  A better understanding of the 
importance of FV variety among children and adolescents could be used to inform health 
promotion interventions at both the individual and environmental levels, as well as to give 
greater context to studies assessing determinants and correlates of FV consumption among 
children and adolescents. 
Specific Aims 
In the existing literature, FV variety has been operationalized in multiple ways, both 
in terms of quantifying instances of consumption and in terms of time frames used. For 
example, Oude Griep et al. (2012) operationalized FV variety as the sum of different FV 
items consumed at least once per two weeks over the past year using a food frequency 
questionnaire (FFQ) which included 9 fruit and 13 vegetable items16, while Do et al. (2008) 
operationalized variety as the number of different types of FV consumed over the prior year 
with an FFQ measuring 12 fruits and 14 vegetable items.14 Jansen et al. (2004) 
operationalized variety as the sum of types of vegetables and fruits consumed at least once 
per month, of which they identified 27 and 7 types respectively.17 Buchner et al. (2010) 
operationalize FV variety using diet diversity scores (DDS) which measure the number of 
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times foods from predefined food groups and subgroups are consumed.19  Thus, there is 
inconsistency in how fruit and vegetable variety is defined in the literature. 
As previously reviewed, much is known about consumption of fruits and vegetables 
and demographic factors and health-related risks; however, much less is known about the 
associations between fruit and vegetable variety and demographic factors, dietary intake, or 
obesity.  The majority of studies that have examined variety in FV intake have mostly 
focused on adults 16,17,19-21 rather than children22,23, and none have focused on adolescents, so 
there is a need to examine the relations between fruit & vegetable variety and health-related 
outcomes in adolescents.   The overall aim of this dissertation is to increase understanding of 
the importance of variety in fruit and vegetable (FV) intake among adolescents in Texas by 
addressing the following research aims in three papers: 
1. “A systematic review of the operationalization of fruit and vegetable variety” 
Aim: Systematically review currently available evidence operationalizing FV variety 
to summarize, compare, and critically evaluate the operationalization of variety. This 
paper will also examine differences in findings by comparing operationalization of 
FV variety.  
2. “Associations between variety of FV consumed, demographic factors, and dietary 
behaviors among 8th and 11th grade students in Texas” 
 
Aim 1: Examine the associations between the variety of FV consumed and 
demographic factors in a multi-ethnic, representative population of Texas adolescents 
in 8th and 11th grade. 
 
Aim 2: Examine associations between variety of FV consumed and consumption of 
healthy and unhealthy foods as characterized by a modified version of the SPAN 
Healthy Eating Index and whether these are modified by SES level. 
 
3. “Association of variety of FV consumed with overweight and obesity among a multi-
ethnic representative population of Texas adolescents.” 
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Aim 1: Examine if FV variety consumption is associated with weight status among a 
multi-ethnic, representative population of 8th and 11th grade public school students in 
Texas. 
Aim 2: Examine the association of FV variety with weight status by intention to lose 
weight. 
 
  
   
14 
 
JOURNAL ARTICLE 
A Systematic Review of the Operationalization of Fruit and Vegetable Variety  
Nutrition Reviews 
Introduction  
Importance of Fruit and Vegetable Consumption 
Intake of fruit and vegetables (FV) is recognized as crucial for optimal health in 
childhood and adulthood, and is critical for proper physical and psychosocial development 
and functioning for children and adolescents.1 The World Health Organization (WHO) 
recognizes inadequate FV consumption as a factor for 14% of gastrointestinal cancer deaths, 
11% of ischemic heart disease deaths, and 9% of stroke deaths worldwide, and considers low 
FV intake as one of the top 10 risks for death worldwide.2 FV intake is especially critical 
during childhood and adolescence both because of rapid growth, and because lifestyle habits 
from childhood tend to track into adulthood.3 Additionally, low FV intake is associated with 
higher BMI and higher risk of obesity in childhood3, and childhood obesity is linked to 
excess weight in adolescence and adulthood.4  
Despite national and global efforts to increase consumption, FV intake remains below 
recommended levels among most adults and children.1,5-7 Current recommendations for FV 
intake in the United States from the U.S. Dietary Guidelines for Americans (USDGA) are 2.5 
cup equivalents of vegetables and 2 cups of fruit per day assuming a 2,000 calorie/day diet.1 
CDC estimates indicate that in 2015, 12.2% of adults met fruit recommendations and 9.3% of 
adults met vegetable recommendations.5 Only 8.5% of high school students meet fruit 
recommendations nationally, and only 2.1% meet vegetable recommendations.6  
FV recommendations from the 2015-20 USDGA include total quantity as well as a 
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recommended weekly variety by vegetable subgroup.1 Most age groups also fail to meet 
variety recommendations.1 Variety recommendations are available based on age and gender, 
and are also presented based on overall caloric intake (Table 1).  No age group of either 
gender meets weekly recommendations for red and orange vegetables or dark green 
vegetables, and no group under the age of 30 years old meets weekly recommendations for 
“other” vegetables.1 The only groups estimated to meet the weekly variety recommendations 
include: boys 1-3 and 4-8 years old, and girls 1-3 and 9-13 years old for legumes (beans & 
peas); and males 51-70 years old and females 31 and older for “other” vegetable 
consumption.1 
Variety 
Variety of FV affects micronutrient and macronutrient intake as different nutrients are 
present in different FV.1,7 Higher FV consumption is associated with higher vitamin and fiber 
intake among adolescents8  and increasing FV variety is positively associated with 
micronutrient and vitamin intake, especially beta-carotene, vitamin C, total carotenoids, 
vitamin A, alpha-carotene, and lutein among adults.9 While most FV recommendations 
encourage consumption of a variety of FV, there is diversity in the literature regarding what 
constitutes variety. This makes it difficult to compare what little evidence there is regarding 
variety. Different researchers operationalize variety differently, creating groups and 
subgroups of FV based on commonly consumed foods by location, seasonality, or national 
guidelines.10-14 The 2015-2020 USDGA group vegetables as dark green; red and orange; 
legumes including beans and peas; starchy; and other vegetables (Table 1)1, which has been 
used as the basis for some determinant studies.13,14 There is no similar USDGA model for 
subgroups of F intake. 
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Notable differences in operationalization of variety in the literature include the 
treatment of starchy V, potatoes, legumes, and juices.  Potatoes, legumes, other tubers, or 
vegetable juices may be included as vegetable items1,3,5,6,8-15 or excluded.10,15-17 French fries, 
fried potatoes, and hash browns were excluded in studies14,18, sometimes included as a 
vegetable subgroup11,19,20, or included in the starchy vegetable category.13  
Tomato juice and V-8 juice were sometimes grouped with “other” vegetables14, not 
counted as a vegetable item 15, or considered a distinct subgroup.11 The 2015-20 U.S. Dietary 
Guidelines for Americans include vegetable juices in the vegetable group but do not assign a 
subgroup.1 fruit juice is sometimes included within the fruit group 1,3,13,14 or excluded from 
Table 1. Vegetable Subgroup Weekly Recommendations for a 2,000 Calorie Diet and Examples 
from the Dietary Guidelines for Americans 2015-20201 
Vegetable 
Subgroup 
Weekly 
Intake  
Example Items (not exhaustive) 
Dark Green 
Vegetables  
1.5 cups 
Broccoli, Spinach, Leafy Salad Greens (Including Romaine 
Lettuce), Collards, Bok Choy, Kale, Turnip Greens, Mustard 
Greens, Green Herbs (Parsley, Cilantro)  
Red and 
Orange 
Vegetables 
5.5 cups 
Tomatoes, Carrots, Tomato Juice, Sweet Potatoes, Red Peppers 
(Hot and Sweet), Winter Squash, Pumpkin  
Legumes 
(Beans and 
Peas) 
1.5 cups 
Pinto, White, Kidney, and Black Beans; Lentils; Chickpeas; Limas 
(Mature, Dried); Split Peas; Edamame (Green Soybeans)  
Starchy 
Vegetables 
5 cups 
Potatoes, Corn, Green Peas, Limas (Green, Immature), Plaintains, 
Cassava  
Other 
Vegetables 
4 cups 
Lettuce (Iceberg), Onions, Green Beans, Cucumbers, Celery, Green 
Peppers, Cabbage, Mushrooms, Avocado, Summer Squash 
(Includes Zucchini), Cauliflower, Eggplant, Garlic, Bean Sprouts, 
Olives, Asparagus, Peapods (Snowpeas), Beets  
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the fruit group.15 Citrus fruit is sometimes be considered a distinct fruit subgroup 10,11,13, or 
not included at all.12 These examples illustrate the difficulty in interpreting studies that assess 
FV variety. 
In a preliminary literature search, most studies operationalizing variety focused on 
adult populations.10,11,14,15 vegetable variety was associated with total cancer and non-lung 
epithelial cancer; fruit variety was also associated with reduced cancer risk after excluding 
first two years of follow-up.12 An inverse association was found between vegetable variety 
with lung cancer risk among current smokers independent of quantity consumed.10 Provision 
of greater vegetable variety (multiple V: broccoli, carrots, and snap peas) in an experiment 
significantly increased vegetable intake without increasing overall caloric intake.21 
Fewer studies from an initial literature search consider FV variety among children. In 
one experimental study, provision of greater  vegetable variety (more than one) increased 
vegetable choice without increasing the total caloric value of the meal.22 However, reliance 
on food models may not be indicative of consumption of variety. FV variety was associated 
with higher dietary quality among preschool children13; notably, fried potatoes were 
included13 as opposed to elsewhere in the literature. 
Given the differences in operationalization of variety across studies of children and 
adults, the aim of this paper is to identify currently available evidence operationalizing FV 
variety through a systematic review to summarize, compare, and critically evaluate the 
operationalization of variety.  The specific aim of this study is to: 
Aim: Systematically review currently available evidence operationalizing fruit variety, 
vegetable variety, and FV variety to summarize, compare, and critically evaluate the 
operationalization and measurement of variety in adult and child populations. This paper will 
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also examine differences in findings of studies operationalizing FV variety. 
Methods 
This systematic review of primary, peer-reviewed literature on fruit variety, vegetable 
variety, and FV variety was conducted using Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines (Figure 1).23  
Search Strategies 
 Articles for this review were sourced from 3 databases: PubMed, Medline, 
PsycINFO. Searches for headings and key words were conducted using combinations of the 
following terms: Fruit OR fruits OR vegetable OR vegetables OR diet OR dietary OR 
nutrition AND variety OR diversity AND measure OR measurement OR assess OR 
assessment. In addition, papers from the author’s existing literature base were included.  
Inclusion and Exclusion Criteria 
All studies were evaluated using the following inclusion criteria: (1) human study 
participants ages 2 and above; (2) assessment of at least one of the following: fruit variety 
consumption, vegetable variety consumption, or combined FV variety consumption; (3) peer-
reviewed publication available in the English language. Etiologic, intervention, and 
determinant studies were eligible to be included. 
Study Selection  
 Records for all articles resulting from the search strategy applied in each of the three 
databases were exported to Refworks. Duplicates were removed and titles and abstracts were 
scanned for relevancy to identify a list of potentially relevant studies. Articles not meeting 
the inclusion criteria were removed and reasons for exclusion were noted. Titles and abstracts 
potentially meeting the inclusion criteria were then screened in full. The systematic review 
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and selection processes of the study are shown in the PRISMA flow diagram (Figure 1).23 
Figure 1. PRISMA 2009 Flow Diagram  
Adapted From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA 
Statement. PLoS Med 6(7): e1000097. doi:10.1371/journal.pmed1000097 
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Data Extraction Techniques 
 Key information was collected from included studies using a data extraction table. 
Author, publication year, study design, sample size, sample characteristics, operationalization 
of variety, number of FV groups or items and specific items when reported, and findings 
from each study are included in the data extraction table.   
Results  
Studies that met the inclusion criteria of this systematic review are presented in Table 
2. Aspects of studies presented include: purpose of study; methodology including study 
design, target population, and measurement instrument for F, V, or FV variety; 
operationalization of F, V, and/or FV variety and score ranges; and study major results. 
Recommendations and practice-based implications were presented based on study findings. 
Initial searches yielded a total of 405 papers from PubMed (n=184), Medline 
(n=178), and PsycINFO (n=43); an additional 9 manuscripts were identified from previous 
research, and a total of 414 records were identified from all sources. Removal of duplicates 
(n=152) left 262 unique papers to be screened. Screening abstracts resulted in exclusion of an 
additional 59 items; a total of 190 papers went to full-text review. A total of 47 studies met 
all inclusion criteria for this review, presented in Table 2. The most common reason for 
exclusion during both abstract and full-text screening was a lack of measurement of F, V, or 
FV variety intake. Also common during abstract screening was a focus on F, V, or FV 
variety at the environmental level in terms of availability without assessment of individual 
dietary intake  (n=15); an additional seven studies were excluded during the full-text 
screening stage for this reason.  
During full-text screening, another common reason for exclusion was a measure of 
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overall dietary variety or quality without specific F, V, or FV variety or within-group 
diversity. Many papers (n = 55) included an assessment of dietary diversity or food variety 
scores that consider the number of different food items eaten, and/or the number of food 
groups represented in a person’s diet over a period of time, but do not report scores for 
variety within F, V, or a combined FV group.
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Table 2. Overview of Studies Meeting Inclusion Criteria 
Citation  Sample  Measurement 
Instrument Type 
Timeframe Number of F, V, or 
FV Items/ Groups 
Almeida-de-Souza et al., 201824  n=412 adolescents ages 14.4 ± 1.7 years; 52% girls; Portugal FFQ 1 year 12 F; 15 V  
Azadbakht et al., 201325  n=411 Isfahanian women 12-28 years old FFQ 1year  2 F; 7 V  
Azadbakht et al., 201226  n=289 Isfahanian women 12-28 years old FFQ 1 year 2 F; 7 V  
Azadbakht et al., 200527  n=295 males ≥18 years old, (20% 51 or older); Tehran, Iran 24-hour recall 2 days 2 F; 7 V  
Azupogo et al., 201828  n=187 women age 15-49 in rural Ghana FFQ 1 mo 27 V  
Bonaccio et al., 201829 n=10812 men and women ≥35 years old, Italy  FFQ 1 year 37 FV  
Brunt et al., 200830  n=557 Canadian college students 18-56 years old, 60% female DVQ 3 days 5 F; 5 V  
Brunt et al., 200831 n=585 college students 18-56 years old Q 3 days 5 F; 5 V; 10 FV total 
Buchner et al., 201010  n=452187 participants from 10 European countries  varied by country 1 year 14 F; 8 V; FV (NR); 
26 V products 
Buchner et al., 201132 n=452185 participants from 10 European countries  varied by country 1 year 14 F; 8 V; FV (NR); 
26 V products 
Burrows et al., 201633  n= 25 competitive adolescent male 14-18 year-old rugby players  ARFS 1 week F(NR); V(NR) 
Conklin et al., 201534  n=9,580 over-50s in EPIC-Norfolk (England) FFQ 1 year 11 F; 26 V  
Conrad et al., 201835  n=38981 adults > 20 years old 24-hour recall 1 day V(NR) 
Cooper et al., 201216  n=3,704; 653 diabetes nested cases: EPIC and Nutrition-Norfolk; 
Norfolk, England 
7-day food diaries 7 days 58 F; 59 V; 117 FV 
total 
de Deus Mendonça et al., 201936  n=3414 adults, 88.1% women ≥ 20 years old; Brazil  Q  6 mos 14 F; 22 V; FV (NR) 
Do et al., 200811  n=1255 low-income adults 18-24 years old FFQ 1 year 12 F; 14 V  
Estaquio et al., 200817 n=4282 French men and women 45-62 years old 24-hour recall 6 days  9 F; 10 V  
Falciglia et al., 200537  n=18 , 33-79 years old; 100% white 24-hour recall 15 days F, V, FV (NR) 
Galloway et al., 200338  n=192 7-year old girls and their parents; Pennsylvania, US  FFQ 3 mos 20 V  
Ghadirian et al., 200939  n= 739 women in original cohort; mean age 50.5 for BRCA 
carriers, 53.4 for non- carriers 
FFQ 1 year VF (NR) 
Giskes et al., 200240 n=654 13-17 year-olds; n=7695 18-64 year-olds; Australia 24-hour recall 1 day F(NR); V(NR) 
Haws et al, 2017  n= 134 women with overweight/obesity 24-hour recall 4 mos  V (NR); 
Henry et al., 2006  n=420 low-income, African American mothers 18-45 years old 
with children <12 years old; United States   
FFQ 4 wks 20 F; 23 V  
Jansen et al., 2004  n=730 Dutch men 65-84 years old followed for 10 years FFQ 1 mo  7 F; 27 V  
Keim et al., 2014  
 
n=112 low-income women 20-55 years old, BMI 11.7-68.5, 
primary food purchasers/preparers, California  
FFQ 3 mos  21 V  
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Citation  Sample  Measurement 
Instrument Type 
Timeframe Number of F, V, or 
FV Items/ Groups 
Ko et al., 2013  n=2271 subjects from (KOHBRA) Study; at study entry, mean 
age of 42.5 years old for BRCA carriers, 41.9 for non- carriers 
FFQ 1 year  12 F; 25 V  
Leak et al., 2015  n=46, families with 9-12 year olds (36 intervention, 10 control)  Q; 24-hour recall 30 days 36 V  
Lutz et al., 1999  n=710 at baseline; n=573 post-intervention survey; adults FFQ 1 wk  FV (NR) 
McCann et al., 1994 n=428 (205 men, 223 women) all Caucasian; Western New York, 
US 
Interview, FF 
instrument 
1 year  38 F; 20 V  
McCrory et al.,  1999 n=71 men and women 20-80 years old; New England, US FFQ 6 mos 10 F; 14 V  
Meengs et al., 2012 n=66 (32 men aged 20-45; 34 women aged 20-45) Pennsylvania, 
US 
Food weights 4 wks 3 V  
Mirmiran et al., 2006 n=286 Tehranian women 18-80 years old 24-hour recall 2 days 2 F; 7 V  
Nour et al.,  2017 n=2397 ages 18-34 years in rural and metropolitan Australia 24-hour recall 1 day 6 F; 6 V  
Oude Griep et al., 2012 n= 20069 (8988 men, 11081 women); Dutch FFQ 1 year 9 F; 13 V; 22 FV 
total 
Parizel et al., 2017 n=59 healthy weight French adults 18-40 years old freq. count 4 sessions  1-3 V  
Ramsay et al., 2017 n=2595 2-5 year-olds; 48% male; 55% non-Hispanic white, US.  24-hour recall 1 day 4 V, 3 F  
Randall et al., 1989 n=428 (205 men, 223 women) FFQ 1 year F (NR); V (NR) 
Raynor et al., 2012 n=20, 50% female, 100% non-Hispanic white, mean age 26.5 
years; Rhode Island, US 
Food weights 4 7-minute 
courses 
4 F  
Robinson et al., 2015 n=66 families with parent-child dyads 8-12 years old  70-item ARFS NR  F(NR); V(NR) 
Roy et al., 2016 n=100 young adults from university student population, 
representative sample; mean age 23.5, range 18-34 years 
FFQ, WFR 5 day WFR; 
1 mo FFQ 
5 V; F(NR) 
Sidahmed et al., 2014 n=120 (88% Caucasian, 72% female, mean age 53 years) 24-hour recall, FR 6 mos 6 F; 8 V  
Tichenor et al., 2015 n= 275864 adults BRFSS  NR  2 F; 4 V  
Torheim et al., 2004  n=502 women age 15-45 in Western Mali FFQ 7 days F(NR); V(NR) 
Vandevijvere et al., 2010. n=3245 representative of Belgian population ≥15 years old  24-hour recall 2 days F(NR); V (NR) 
Vossenaar et al., 2010 n=355 children 8-10 years old; Quetzaltenango, Guatemala 24-hour recall 1 day 69 FV  
Wolfe et al., 2001 n=31 (included white, African-American, and Hispanic persons)  variety instrument 1 mo 20 F; 24 V  
Ye et al., 2013 n=1412 Puerto Rican adults 45-75 years old FFQ 1 year 27 F; 26 V  
Notes: F=Fruit, V=Vegetable, FV=Fruits and Vegetables; NR=not reported; ARFS=Australian Recommended Food Score; FFQ = Food Frequency 
Questionnaire; Q=questionnaire; KOHBRA = Korean Hereditary Breast Cancer; EPIC= European Prospective Investigation into Cancer; WFR=Weighted Food 
Record; FR=food record; mo=month, mos=months, wk=week, wks=weeks 
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Study Design and Samples 
Sample size varied widely as shown in Table 2, ranging from the largest sample size 
of n=451,287 in a 10-year prospective cohort study10, to the smallest sample size of n=1837. 
Participant age varied widely, and included assessment of variety among children, 
adolescents, and adults; the youngest participants were 2 years old13, and the oldest 
participants were 84 years old.12 At least one manuscript did not report the age of participants 
for testing of an instrument.20 Two studies included child participants13,41; four studies 
included adolescent participants.24,33,38,40 Thirty four studies included adult participants10-12,14-
19,21,27,29-32,34-37,39,42-54; seven studies included a combination of either children or adolescents 
and adults.25,26,28,55-58  
Studies from across the world were included in this review, including Italy, the 
Netherlands, Germany, Greece, France, Spain, Portugal, Sweden, the United Kingdom, 
Puerto Rico, Guatemala, Australia, the United States, Canada, Mali, Ghana, Brazil, Korea, 
and Iran.  
Study design was not explicitly reported for a few of the included studies (n=2), one 
of which indicated that the study design was reported elsewhere.58 All study designs were 
eligible for inclusion in this review. 
The most common study design among included studies was cross-sectional, reported 
in 23 papers13,14,24-31,33-36,40-42,46-48,53,56,57. These studies included analysis of existing, ongoing 
national surveillance datasets in the United States13,14,35, and cross-sectional studies within 
U.S.42,46  and in international populations.24,25,27-31,33,34,36,40,41,47,56 Cross-sectional analyses 
from prospective cohort studies were also included.29,34
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Table 3. Studies Reported as Cross-Sectional Design Assessing Fruit and Vegetable (F&V) Variety from the Literature  
Citation  Methods: Sample, Measurement Instrument; 
Timeframe/Frequency  
Number of FV 
Items  
Findings 
Almeida-de-
Souza et al., 
2018  
 
n=412 adolescents, mean age 14.4 years old, 
52% girls; Portugal 
Measurement: semi-quantitative FFQ 
Timeframe: ≥ once per month in past year 
12 F items No differences in inflammation markers by F variety; 
adolescents in the highest tertile of V variety had overall low-
grade inflammation; independent of quantity 
15 V items 
Azadbakht et 
al., 2013  
n=411 Isfahanian women 12-28 years old 
Measurement: semi-quantitative FFQ 
Timeframe: previous year  
2 F subgroups Women who consumed breakfast had higher dietary diversity 
scores for F, V 
 
7 V subgroups 
Azadbakht et 
al., 2012  
 
n=289 Isfahanian women 12-28 years old 
Measurement: semi-quantitative FFQ 
Timeframe: previous year 
2 F subgroups Participants in top tertile of energy density had lowest diversity 
scores of F and V; top tertile of DDS had highest V and F 
diversity scores 
7 V subgroups 
Azadbakht et 
al., 2005  
n=295 males 18 and older, 20% were 51 or 
older; Tehran, Iran 
Measurement: 2 24-hour recalls 
Timeframe: 2 days 
2 F subgroups F variety correlated with vitamin C, and associated with 
probability of vitamin A, vitamin C, and potassium adequacy; V 
variety correlated with vitamin A, potassium, and vitamin C 
adequacy  
7 V subgroups 
Azupogo et 
al., 2018  
 
n=187 women age 15-49; rural Ghana 
Measurement: semi-quantitative FFQ 
Timeframe: past month 
27 V items Increasing trend across tertiles of V variety scores (VVS) for 
HRQoL, physical health, mental health, physical functioning; 
significant trend between mental health domain and VVS, with 
higher mental health scores in highest VVS tertile 
Bonaccio et 
al., 2018 
 
n=10812 men and women ≥35 years old; 
Southern Italy  
Measure: EPIC FFQ  
Timeframe: once per 2 weeks in past year 
37 FV items  FV variety was positively associated with psychological 
resilience 
Brunt et al., 
200830  
n=557 Canadian undergraduate students aged 
18-56 years, 60% female; 75% 21 years old 
or younger 
Measure: 42 item DVQ 
Timeframe: past 3 days 
5 F items F variety was most limited food group (33% reported 1 or fewer 
daily servings); no significant findings related to V variety 
 
5 V items 
 
 
 
  
   
26 
 
Table 3. Studies Reported as Cross-Sectional Design Assessing Fruit and Vegetable (F&V) Variety from the Literature 
continued 
Citation  Methods: Sample, Measurement Instrument; 
Timeframe/Frequency  
Number of FV 
Items  
Findings 
Brunt et al.,  
200831 
n=585 college students 18-56 years old 
Measure: 42-item DVQ 
Timeframe: past 3 days  
5 F items Students living on-campus consumed greater variety of F, V, 
and FV combined 5 V items  
10 FV items 
summed  
Burrows et 
al., 2016  
 
n= 25 competitive male rugby players 14-18 
years old 
Measure: ARFS 
Timeframe: ≥ once per week 
F Number NR Authors state that results indicate need to increase variety within 
F and V groups 
 
V Number NR 
Conklin et 
al., 2015  
 
n=9,580 over-50s in EPIC-Norfolk (England) 
Measure: semi-quantitative FFQ  
Timeframe: past year 
11 F items Low social class and low education associated with low F or V 
variety in men and women; difficulty paying bills associated 
with lower F variety in women; combination of low economic 
resources, being non-married showed greater magnitude of 
association with F and V variety than social class, education, or 
paying bills; among women, low social class, difficulty paying 
bills, and being non-married showed double association with 
lower V variety than for social class and difficulty paying bills 
26 V items 
Conrad et 
al., 2018  
 
n=38981 adults over 20 years old 
Measure: 24-hour recall 
Timeframe: 24-hour period 
V Number NR Inverse relationship between V variety and prevalent CHD; 
living with domestic partner associated with greater V variety, 
current smoking associated with lower V variety; V variety and 
amount positively associated; individuals consuming dark leafy 
greens had lower odds of CVD and CHD 
de Deus 
Mendonça et 
al., 2019  
 
n=3414 adults and older adults; Brazil  
Measure: Questionnaire (QBrief-F&V) 
Timeframe: previous 6 months 
14 F items  Average of only 2 types FV consumed per day, but daily 
average of 5 servings; authors indicate greater F variety in 
commercial establishments would increase consumption 
diversity 
22 V items  
FV, number 
NR 
Giskes et al., 
2002 
n=654 13-17 year-olds; n=7695 18-64 year-
olds; Australia  
Measure: 24-hour dietary recall 
Timeframe: 24-hour period 
F Number NR The relationship between income and FV variety was only 
significant among adults. Lower-income adults consumed less 
FV variety than higher-income adults. 
 
V Number NR 
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Table 3. Studies Reported as Cross-Sectional Design Assessing Fruit and Vegetable (F&V) Variety from the Literature 
continued 
Citation  Methods: Sample, Measurement Instrument; 
Timeframe/Frequency  
Number of FV 
Items  
Findings 
Henry et al., 
2006  
n=420 low-income, African American 
mothers aged 18-45 with children <12 years 
old; St. Paul/Minneapolis, MN; US   
Measure: FFQ 
Timeframe: past 4 weeks 
20 F items FV variety consumed was higher for women in later stages of 
change and with higher FV intake 23 V items 
McCrory et 
al.,  1999 
n=71 healthy men and women 20-80 years 
old; New England, United states 
Measure: FFQ 
Timeframe: past 6 months 
10 F items V variety was negatively associated with body fatness 
14 V items  
Mirmiran et 
al., 2006 
n=286 Tehranian women 18-80 years old 
Measure: 2 24-hour dietary recalls 
Timeframe: 2 days 
2 F subgroups F diversity correlated with vitamin C ;(F diversity associated 
with probability of vitamin A, vitamin C, and potassium 
adequacy; V diversity correlated with vitamin A, potassium, and 
vitamin C adequacy  
7 V subgroups 
Nour et al.,  
2017 
n=2397 ages 18-34 years; Australia 
Measures: 24-hour dietary recall 
Timeframe: 24-hour period 
6 F subgroups No differences in F variety (consuming ≥ 2 categories) by age 
or gender; 18-24 year olds had lowest V variety, no gender 
differences; less than 1/4 of surveyed reported 3-4 different V  
6 V subgroups 
Ramsay et 
al., 2017 
n= 2595 2-5 year-olds; 48% male; 55% non-
Hispanic white; US.  
Measure: 24-hour dietary recalls 
Timeframe: 24-hour period 
3 F subgroups 
4 V subgroups 
Higher F and V variety scores associated with slightly better 
dietary quality scores for total F, total V, and empty calories 
subscales; greater differences among those consuming ≥ 5 
different FV.  
Robinson et 
al., 2015 
n=66 families with children 8-12 years old; 
New South Wales, Australia 
Measure: 70-item ARFS  
Timeframe: NR for ARFS 
F Number NR F variety intake was most strongly correlated in both parent-
child dyads 
 
V Number NR 
Tichenor et 
al., 2015 
N= 275864 adults 
Measure: FV questions in BRFSS module 
Timeframe: 
2 F items Less than half of participants consume F and all V subgroups at 
least once per week. Likelihood of meeting FV variety 
indicators varied significantly by race/ethnicity and region 
(p<0.05).  
4 V items 
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Table 3. Studies Reported as Cross-Sectional Design Assessing Fruit and Vegetable (F&V) Variety from the Literature 
continued 
Citation  Methods: Sample, Measurement Instrument; 
Timeframe/Frequency  
Number of FV 
Items  
Findings 
Torheim et 
al., 2004  
N=502 women age 15-45; Western Mali 
Measure: QFFQ 
Timeframe: 7 days 
F Number NR Correlation between mean adequacy ratio (MAR) (indicator of 
nutrient adequacy) and food group variety score for V was high V Number NR 
Vossenaar et 
al., 2010 
n=355 children aged 8-10 years; Guatemala 
Measure: 24-hour dietary recall 
Timeframe: 24-hour period 
69 FV items  Study sample was not meeting FV variety recommendations 
Ye et al., 
2013 
n=1412 Puerto Rican adults 45-75 years old 
Measure: semi-quantitative FFQ 
Timeframe: ≥ once per month in past year 
27 F items Greater FV variety (but not total quantity) associated with 
higher global cognitive function scores, as well as with 
individual domains of executive function, memory, and 
attention; 
26 V items 
BRFSS=Behavioral Risk Factor Surveillance System; ARFS=Australian Recommended Food Score; FFQ=Food Frequency Questionnaire; 
QFFQ=Quantitative FFQ; CHD=coronary heart disease; CVD=cardiovascular disease; MAR 
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Five distinct prospective cohort studies are represented by seven included papers 
(Table 4).10,12,16,17,43 One paper presents analyses of subjects within Korean Hereditary Breast 
Cancer (KOHBRA) Study, a prospective cohort study (n=2271) examining the association 
between dietary behaviors and breast cancer risk.43 One paper presents results from a French 
prospective cohort study (n=4282), in which socioeconomic, demographic, and behavioral 
factors are examined in relation to FV variety and quantity consumption.17 Two Dutch 
prospective cohort studies are presented, part of the Zutphen study (n=730 Dutch men) in 
which FV quantity and variety were examined in relation to cancer12, and the Monitoring 
Project on Risk Factors and Chronic Diseases in the Netherlands (MORGEN) Study 
(n=20069), in which the importance of FV variety is examined relative to incident coronary 
heart disease (CHD) and stroke.15 Three of the included cohort papers present results from 
the same larger prospective cohort study of 10 European countries, the European Prospective 
Investigation into Cancer and Nutrition (EPIC)10,32. Among the studies using EPIC data, FV 
variety consumption was examined as relates to lung cancer (n=452187)10 and bladder cancer 
(n=452185).32 The third study using EPIC data is a prospective case-cohort from the Norfolk 
component of EPIC, in which the 11-year incidence of type 2 diabetes was examined in 
relation to amount and variety of F, V, and FV consumed among 3,704 participants, 653 of 
which were diabetes cases.16
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Table 4. Cohort Studies Assessing Fruit and Vegetable (FV) Variety from the Literature 
Citation  
 
Methods:  Number of FV Items/Subgroups, 
specifics where possible 
Findings 
Buchner et 
al., 2010  
 
Design: ongoing multicenter prospective cohort study 
n=452187 adult participants complete data from 10 
European countries 
Measure varied by country 
Timeframe: ≥ once per 2 weeks over past 12 months 
14 F items: specific items NR  V variety inversely associated with lung 
cancer risk among current smokers; increasing 
F and/or V associated with reduced risk of 
squamous cell carcinomas; independent of 
quantity, FV variety may decrease lung cancer 
risk 
8 V subgroups: leafy vegetables; 
fruiting vegetables; root vegetables; 
cabbages; mushrooms; grain and pod 
vegetables; onion and garlic; stalk 
vegetables 
40 FV items: specific items NR  
26 V products: specific items NR  
Buchner et 
al., 2011 
 
Design: ongoing multicenter prospective cohort study 
n=452185 adult participants from 10 European countries 
Measure varied by country 
Timeframe: ≥ once per 2 weeks over past 12 months 
14 F items: specific items NR  No clear association between FV variety 
consumption and bladder cancer risk; Highest 
tertile of DDS of FV consumption had 
marginally significant hazard ratio compared 
to lowest (HR=1.30, 95% CI: 1.00-1.69, p-
trend =0.05); individuals consuming higher 
FV variety were: more often women, higher 
educated, more likely to consume alcohol, 
more often never smokers, had lower BMIs, 
and had higher FV consumption 
8 V subgroups: specific items NR  
40 FV items: specific items NR  
26 V products: specific items NR  
Cooper et 
al., 2012  
 
Design: prospective case-cohort 
n=3,704; 653 diabetes cases nested within EPIC and 
Nutrition-Norfolk; Norfolk, England; age NR 
Measure: 7-day prospective food diaries 
Timeframe:7 days 
58 F items; specific items NR greater F variety (0.70 [0.53-0.91]), greater V 
variety (0.77 [0.61-0.98]), combined FV 
(0.61[0.48-0.78]) associated with lower hazard 
of type 2 diabetes 
59 V items; specific items NR 
117 FV items; sum of FV; specific 
items NR 
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Table 4. Cohort Studies Assessing Fruit and Vegetable (FV) Variety from the Literature continued 
Citation  
 
Methods:  Number of FV Items/Subgroups, 
specifics where possible 
Findings 
Estaquio et 
al., 2008 
 
Design: part of larger 8-year prospective study  
n=4282 French men and women aged 45-62 years 
participating in large prospective study 
Measure: repeated 24-hour dietary recalls over 2 years; 
using a telephone/software assistance system 
Timeframe: multiple 24-hour periods averaged 
9 F subgroups: apple, pear, other 
pome fruits; citrus fruits; grapes; 
berries; stone fruits; melon; banana; 
other tropical fruits; fruit juices 
V variety and education significantly positively 
related in both men and women; F variety 
positively associated with education and 
occupation in men; FV variety scores similar in 
both sexes; F variety associated with more 
healthful lifestyle including nonsmoking in men 
and women, and regular physical activity and 
low alcohol consumption in men; V variety had 
inverse association w smoking in men  
10 V subgroups: green salads; leafy 
vegetables; fruits used as vegetables; 
root vegetables; green beans and 
peas; bulb and stem vegetables; 
flowering vegetables; mushrooms; 
sprouts; vegetable juices 
Jansen et al., 
2004  
 
Design: prospective cohort  
n=730 Dutch men 65-84 years for 10 years 
Measure: FFQ 
Timeframe: Past month 
7 F types: strawberries; berries; 
grapes; peaches; cherries; prunes; 
apricots 
After excluding first 2 years of follow-up, F 
variety associated with reduced cancer risk; V 
variety but not quantity, inversely associated 
with total cancer and non-lung epithelial cancer 27 V types: specific items NR 
Ko et al., 
2013  
 
Design: cohort  
N=2271 subjects from (KOHBRA) Study; mean age at 
study entry 42.5 ±11.5 years for BRCA carriers, 
41.9±10.2 for non-BRCA carriers 
Measure: FFQ  
Timeframe: ≥ once per week in year before study  
12 F items; specific items NR Dose-response trend for association between 
low risk of breast cancer and high intake of V; 
(ptrend = 0.036); authors posit that inability to 
separate out cruciferous V from V variety may 
have diluted impact of V variety  
25 V items; specific items NR 
Oude Griep 
et al., 
2012 
 
Design: prospective population-based cohort study 
N= 20069 (8988 men, 11081 women); Dutch 
Measure: FFQ 
Timeframe: ≥ once per two weeks in previous year 
9 F items: specific items NR F variety and V variety were not related to 
incident CHD or stroke. Participants consuming 
greater FV variety were more often women, had 
higher levels of education, less likely to smoke, 
and more likely to be physically active. Strong 
correlations between variety and total FV intake 
(Spearman’s r-0.81, p<0.0001) and F intake 
(Spearman’s r=0.72, p<0.001). Variety 
positively associated with vitamin C, 
carotenoids, flavonoids, dietary fiber intake.  
13 V items: specific items NR 
22 FV items: Specific items NR 
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The remaining observational papers used case-control and case-only study designs 
(Table 5). One paper included a study sample of men and women with colon cancer 
(n=428).45 An additional paper presented results from analyses of colon cancer controls from 
within a case-control study.50 One paper with a case-only design included women with breast 
cancer.39 
Table 5. Case-only and Case-Control Studies Assessing Fruit and Vegetable Variety in the 
Literature  
Citation  
 
Methods:  Number of FV 
Items/ 
Subgroups 
Findings 
 
Ghadirian et 
al., 2009  
 
Design: case-only, breast cancer 
N= 739 women in original cohort; 
mean age 50.5 ±10.2 years for 
BRCA carriers, 53.4±7.7 for non-
BRCA carriers 
Measure: interviewer-administered 
FFQ  
Timeframe: ≥ once per week in year 
prior to diagnosis or enrollment for 
matched controls 
VF, Number, 
specific items 
NR 
Strong significant interaction between 
BRCA mutations and VF diversity 
between upper and lower quartiles 
 
McCann et 
al., 1994 
 
Design: case-control 
n=428 adults, (205 men, 223 
women), colon cancer cases; all 
Caucasian; 3 counties in Western 
New York 
Measure: 2.5 hour in-person 
interview including FF instrument 
Timeframe: 12 months preceding 
diagnosis, or preceding interview for 
controls 
38 F items; 
specific items 
NR 
Female cases had slightly higher (non-
significant) F diversity than controls; 
for both men and women, F diversity 
was positively associated w V 
diversity; among women, F diversity 
strongly related to meat diversity - 
trends in risk associated w F diversity 
among women not statistically 
significant, all models suggested F 
diversity to be risk elevating rather 
than protective; female cases had lower 
V diversity than controls (p<0.05) 
20 V items; 
specific items 
NR 
Randall et 
al., 1989 
 
Design: case-control 
N= 428 adults, (205 men, 223 
women), colon cancer control 
subjects; Western New York 
Measure: 2.5 hour in-person 
interview including FF instrument 
Timeframe: > once per month over 
past 12 months 
F; Number, 
specific items 
NR 
Total, F, and V diversity scores 
associated with fiber, vitamin A, and 
vitamin C intake.  
 V, Number, 
specific items 
NR 
NR=not reported; FF=Food frequency 
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Nine of the included papers were experimental, and represented distinct 
studies.11,18,21,37,44,49,51,54,55 Of these, five utilized a randomized controlled design.11,18,44,55 
Within the randomized controlled trials (RCTs), sample size and population varied, but all 
findings presented in the included papers indicate increased FV variety among participants 
receiving interventions.11,18,44,55 Testing a multistate tailored intervention with low-income 
adults (n=1255) showed increases in fruit variety and vegetable variety among the 
experimental condition.11 The design of a study to test an intervention to increase vegetable 
intake, liking, and variety among families with a 9-12 year-old child using food assistance 
(n=46 families, 36 intervention, 10 control) was presented, no results were presented.55 A 4-
group RCT to test effectiveness of a computer-tailored newsletter intervention to increase FV 
variety among adults (n=573) showed higher FV intake and variety among all intervention 
participants.44 A RCT used to compare two different dietary approaches found that Healthy 
Eating (a diet pattern based on Healthy People 2010) increased FV variety and quantity 
consumed (n=120).18 Additionally, one study used a crossover control design (n=18) to test 
an intervention to increase FV consumption and improve dietary quality, finding that patients 
receiving the intervention increased their intake of fruit variety37, and one study used a 
counter-balanced crossover design (n=20) in which authors found greater fruit variety 
increased fruit consumption in the last course of fruit offered.51 
Measurement Instruments 
The most commonly used measurement instruments among included studies were 
FFQs (n=23) and 24-hour dietary recalls (n=11), in addition to brief FV questionnaire 
instruments (n=4)30,31,36,55, food records (n=1)18 or food diaries (n=1)16, weighted food 
records (n=1)52, and variations of food item checklists20,37 or other food frequency 
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instruments.45,50 The level of detail provided on measurement instruments and administration 
varied from very little to a thorough description of the measurement instrument including 
title, number of items, method of administration, and structure of questions and response 
options.  
Food Frequency Questionnaires (FFQs) 
Twenty-one of the included studies used some variation of a Food Frequency 
Questionnaire 10-12,15,24-26,28,34,38,39,42-46,50,52,53,57, including quantitative57, semiquantitative, 
self-administered, and interviewer-administered.11,45,53 A combination of different 
instruments and administration methods were used in a 10-country prospective cohort study, 
which varied by country.10,32 Interviewer-administration of FFQs was conducted in-
person45,53, and over the phone.11 The level of detail provided on measurement instruments 
and administration varied. Not all authors reported the specific type of FFQ or mode of 
administration. Nor did all authors report the number of items on the FFQ used, and those 
that did indicate varied lengths of FFQs, the shortest of which was 17 FV items.44 Notably, 
the longest reported FFQ of 223 items was interviewer-administered in-home to adults 45-75 
years old.53 FFQs were most often used with samples of adults11,12,15,19,25,26,28,29,34,39,42-
44,46,52,53,57, but were also used with adolescents24-26,28,57 and children.38 
24-hour Dietary Recalls  
Among the eleven studies using 24-hour dietary recalls as measurement instruments, 
there was variation in the number of records included in each study, administration methods, 
and the treatment of a single 24-hour recall. Recalls were self-administered, verified by a 
nutritionist41; interviewer-administered13,18,27,35,37,40,47,48,54,58; and conducted through 
telephone/software systems.17 Four papers utilized a single 24-hour dietary recall.13,35,41,48 
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Three of the studies used two 24-hour dietary recalls to assess usual diet27,47,58, which were 
averaged58 or assessed individually.18,54 
Two studies used three 24-hour dietary recalls37,40, one study used four18, and another 
used a series of 6, 24-hour recalls over a period of 2 years.17 The most 24-hour dietary recalls 
used in a single study was 8-12 over 4 months, with a variable number of recalls per 
participant.54 With regards to study sample, 24-hour dietary recalls were used with children 
in three studies13,41,55, adolescents in two studies40,58, and adults in nine 
studies.17,18,27,35,37,40,47,54,58   
Other Measurements 
Less commonly used measurement instruments include a Dietary Variety 
Questionnaire including checklist of FV over 3 days30,31, a Brief Evaluation Questionnaire on 
Fruit and Vegetable Consumption (QBrief-FV)36, FV checklists20,37, and 7-day food diaries.16 
Studies conducted with Australian participants included the Australian Recommended Food 
Score.33,56  
Three authors reported use of multiple instruments. In two cases, three twenty-four 
hour recalls were combined with other instruments, once with the use of a FV checklist37, 
and with a measurement instrument adapted using 36 vegetable from an existing 
questionnaire (more details not reported).55 One other study included calculation of the 
Healthy Eating Index for Australian Adults, a Weighed Food Record (WFR), and FFQ.52 In 
experimental studies to measure actual consumption, food items were weighed before and 
after consumption.21,51 
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Quantifying Variety 
Timeframe/Frequency 
The timeframe measured in included studies varied from 24-hour dietary recalls to 
usual intake referring to the previous year. Fourteen of the studies referred to usual intake 
over the previous year.10,11,15,24-26,29,32,34,39,43,45,50,53 Of studies referring to usual intake over 
the previous year, two studies required a minimum frequency of at least once per week in the 
previous year39,43, four required at least once per two weeks in the previous year10,15,29,32 (3 of 
which used data from the same prospective cohort study)10,29,32, four required at least once 
per month in the previous year11,24,53, and one required consumption more than once per 
month50; others did not report a frequency required other than referring to usual intake over 
the previous year.25,26,34,45  
Usual intake was also considered over a period of 6 months36,46, 4 months54, 3 
months19,38, 4 weeks21,42, past month20,28,52,55, 15 days37, a week16,44,57, past 3 days30,31, a 2-
day period47, and a single 24-hour period.13,35,40,41,48 
Minimum Amount 
There was also variation in the importance of a minimum amount required to be 
considered for variety. Many authors did not report a minimum amount of F, V, or FV 
required to be included in a measurement of variety (n=19). Other authors indicated that any 
amount of a F, V, or FV item is sufficient to be counted as a unique FV item which would 
constitute variety and that no minimum amount of any given FV item was 
necessary.16,20,28,30,31,34 Experimental studies which weighed foods before and after eating 
considered any amount of consumption as consuming variety.21,49,51 
Among authors that considered a minimum amount to count towards variety, seven 
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made reference to serving sizes, in whole or as a proportion, setting a minimum of ½ serving 
size25-28,47,48, or a full standard serving size.11,52 Some authors specified different serving sizes 
for fruits and vegetables, at least 50% of a serving, or ≥75g of F; ≥37.5g of V48; another 
required a minimum of 1 serving size of vegetable (75g), or ½ serving size of legumes; 1 
serving of fruit (150g).52 National and international recommendations41 were commonly cited 
as the basis for serving size, include the U.S. Department of Agriculture (USDA) Food Guide 
Pyramid25,26 and MyPlate.13 
Fruit and Vegetable Items and Subgroups 
FV subgroups were frequently based on national guidelines, reflecting changes over 
time across studies. Several study authors did not report the number of F, V, or FV combined 
items.33,35,37,39,40,44,50,52,54,56,57 The level of detail reported on specific FV items measured 
varied greatly. The fewest number of fruit items measured was 214,25-27,47, and the maximum 
number of fruit items was 58.16 Maximum numbers of vegetable items measured ranged from 
530,31 to 59.16 Some studies only considered fruit and vegetable separately, while others 
considered FV combined (n=12), either solely (n=5), or in addition to fruit and vegetable 
separately (n=7). Reporting of FV combined items ranged from a maximum of 10-117 items. 
USDA DGA Vegetable Subgroups 
Within the review, no studies used the exact five vegetable subgroups consistent with 
the USDA: dark leafy greens, red and orange vegetables, legumes, starchy vegetables, and 
other vegetables.1,3 However, there were similar groupings. Conrad et al. (2018) and Ramsay 
et al. (2017) used closely aligned subgroups, with the exception of legumes which were not 
included, and the inclusion of white potatoes and French fries with the starchy vegetable 
group.13,35 Roy et al. (2016) classified vegetables as: green, orange, cruciferous, tubers, and 
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bulb and legumes.52 Brunt et al. (2008) classified vegetable as green leafy vegetables, orange 
and yellow vegetables, tomatoes and tomato products, potatoes and other root crops, and 
other vegetables.30,31 Sidahmed also used similar vegetable groups, including: deep green, 
deep yellow, tomato, white potato, other starchy vegetables, other vegetables, fried 
vegetables not including potatoes, and vegetable juice – thus separating white potatoes into a 
separate vegetable group, including the addition of fried vegetables as a group, and of 
vegetable juice as a separate group.18 
Seasonality, Dietary Differences by Country/Region 
Part of the challenge in operationalizing FV variety is that FV variety varies by 
country, region, and season. Seasonality was considered in several of the included articles. 
Three studies tailored the FV items to the specific countries in which the studies were 
conducted, as well as seasonality12,15,17; assessment was conducted over different seasons to 
capture changes in season.15,17 Another study conducted subsequent analyses to examine 
seasonality.11 Others considered seasonality in an aspect of variable 
creation/measurement.16,24 Additionally, in the EPIC study, which included 10 countries, FV 
measurement instruments and items included varied by country; analyses were conducted 
using items which were common among the countries.10,32 Because thirteen of the studies 
referred to usual intake over the previous year10,11,24-26,29,32,34,39,43,45,50,53 all seasons should be 
included.  
Discussion 
Nutrient Intake and Dietary Quality 
Variety and nutrient intake were correlated in several studies.27,47,50,58 fruit variety 
was correlated with vitamin C intake, and with probability of vitamin A, vitamin C, and 
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potassium adequacy (n=295 men).27 Mirmiran found that, among a sample of 286 adult 
women, fruit diversity was correlated with vitamin C intake, and probability of vitamin A, 
vitamin C, and potassium adequacy.47 vegetable variety correlated with vitamin A, 
potassium, and vitamin C adequacy in multiple studies, (n=295 men aged 18 and older)27, 
(n=286 women).47 Randall et al. (1989) found total diversity, fruit diversity, and vegetable 
diversity scores were associated with fiber, vitamin A, and vitamin C intake (n=428).50 Oude 
Griep et al. (2012) found FV variety was positively associated with vitamin C, flavonoids, 
and dietary fiber intake.15  
FV variety was linked to multiple aspects of healthy dietary behaviors in several 
studies. Vandevijvere et al. (2010) found vegetable diversity was positively associated with 
meeting recommended intake for the vegetable food group among a Belgian sample 
(n=3245).58 Torheim et al. (2004) found high correlation between MAR and vegetable 
variety among 503 women in Mali.57 Azadbakht et al. (2013) found that among Isfahanian 
women aged 12-28 years old (n=411), those who consumed breakfast had higher diversity 
scores for both fruit and vegetables25. In a similar sample, Azadbakht et al. (2012) found that 
women in the top tertile for overall dietary diversity scores had highest fruit diversity and 
vegetable diversity scores.26 Oude Griep et al. (2012) found that FV variety was strongly 
correlated to total FV intake (Spearman’s r-0.81, p<0.0001).15 Keim et al. (2013) found that 
women with higher vegetable variety intake had better indices of diet quality, more healthy 
attitudes about food and eating, and allocated more money towards food including 
vegetables.19  
Lifestyle Habits 
FV variety was found to be correlated with lifestyle habits across studies. Estaquio et 
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al. (2008) found fruit variety was associated with nonsmoking in men and women, as well as 
with regular physical activity and low alcohol consumption in men; vegetable variety had an 
inverse relationship with smoking among men (n=4282).17 Among 38981 U.S. adults, 
Conrad et al. found current smoking was associated with lower vegetable variety (2018).35 
Buchner et al., 2011 found that individuals with higher FV variety were more often never 
smokers and had lower BMIs (n=452185).32 Likewise, Oude Griep et al. (2012) found that 
those consuming a greater variety of FV were more likely to be physically active and to be 
non-smokers.15  
Sociodemographic Factors 
Several studies describe significant associations between FV variety and 
sociodemographic factors. Among 4282 French adults, Estaquio et al. (2008) found 
significant positive relationships between vegetable variety and education among both men 
and women17; fruit variety was positively associated with education and occupation in men.17 
Low education and low social class were associated with less fruit variety and less vegetable 
variety among 9,850 English adults over aged 50.34 In a study of 654 Australian adolescents 
and 7695 Australian adults, Giskes et al. (2002) found lower FV variety consumption among 
lower-income adults compared to higher-income adults, but this relationship was only 
significant among adults.40  
Quality of Life, Psychological Resilience 
Bonaccio et al. (2018) found FV variety was positively associated with psychological 
resilience among Italian men and women aged 35 years and older (n=10812).29 Azupogo et 
al. (2018) found increasing trends in vegetable variety score tertiles for health-related 
quality-of-life (HRQoL) (ptrend=0.0003), physical health (ptrend=0.02), mental health (p 
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trend=0.001), and physical functioning (p trend=0.01) among women in rural Ghana 
(n=187).28  
Cancer and Chronic Disease 
Findings regarding cancer were somewhat mixed, and varied by type of cancer. In a 
case-only study of 739 women, Ghadirian et al. (2009) found strong significant interaction 
between BRCA mutations and FV diversity between upper and lower quartiles.39 vegetable 
variety was inversely associated with lung cancer risk among current smokers.10 Buchner et 
al. (2011) did not find any clear association between FV variety consumption and bladder 
cancer risk; the highest tertile of scores for FV consumption had marginally significant 
hazard ratio compared to lowest (HR=1.30, 95% CI: 1.00-1.69, p-trend =0.05) (n=452185) 
(2011).32 Oude Griep et al. (2012) found no significant associations between fruit variety, 
vegetable variety, or FV variety with either incident coronary heart disease (CHD) or stroke 
after adjusting for dietary and lifestyle factors.15  
Cooper et al. (2012) found associations of greater fruit variety (0.70 [0.53-0.91]), 
greater vegetable variety (0.77 [0.61-0.98]), and combined FV (0.61[0.48-0.78]) with lower 
hazard ratios of type 2 diabetes.16 Haws et al. (2017) found that vegetable variety was a 
significant mediator of weight loss over time among women with overweight/obesity (β = -
.357, t(946) = 3.02, p = .003) (n=134).54 
Changeability of FV Variety 
Fruit variety, vegetable variety, and FV variety can be increased by interventions. Do 
et al. (2008) utilized a RCT design with n=1255 low-income adults aged 18-24 and found 
significantly greater fruit variety and vegetable variety among participants receiving the 
intervention.11 Lutz et al., also found higher FV intake and variety among participants in the 
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experimental condition in a RCT (n=573).44 In a small (n=18) crossover-controlled design, 
Falciglia et al. (2005) found increased fruit variety intake among participants receiving an 
intervention to increase FV consumption and improve dietary quality.37 Additionally, 
increasing environmental FV variety may be a useful strategy to increase FV variety 
consumption - in a study examining FV variety consumption, purchasing characteristics, and 
food environment, de Deus Mendonca et al. (2019) posit that greater fruit variety in 
commercial outlets would increase fruit variety consumption.36  
Conclusion 
There is substantial variation in the operationalization of F, V, and FV variety. 
However, some commonalities can be found in the use of instruments – FFQs and 24-hour 
dietary recalls are often used to measure FV variety in the included studies. Overall, most 
study authors reported sufficient detail on the FV items assessed, which allows for some 
degree of comparison across studies. This literature review helps to elucidate the current uses 
of FV variety as operationalized in the literature, as well as to compare results across studies. 
Detailed and standardized reporting of FV items and groupings is needed. While there were 
some commonalities between the groupings used in different papers, most were due to using 
the same or similar datasets. A more consistent operationalization of FV variety will allow 
for better comparison across studies to further the understanding of the role and importance 
of FV variety in health promotion assessment and interventions. 
Strengths and Limitations 
A strength of this review is the use of the standardized PRISMA guidelines 23. There 
have been no published literature reviews of FV variety, so this review fills a gap in the 
literature. A limitation of the study is a possibility of missing some relevant studies due to 
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non-standard classifications and non-standard identification of the construct of FV variety, 
which persists even after careful screening of abstracts and full-text papers. Additionally, this 
review is restricted to studies published in the English language, which may exclude studies 
examining variety in other countries that are published in languages other than English.  
Another problem with FV variety in general is that the variety of fruits, vegetables, or 
combined FV may vary by country and/or season, so it may be difficult to compare across 
countries. However, several of the included studies have considered this – using country-
specific measures10,12,32 and accounting for seasonality timing of measurement and/or in 
subsequent analyses.11,12,17,46 This should be considered in future research.  
Recommendations and Implications 
1. FV variety should be considered using national or international guidelines to allow 
for comparison across studies.  
2. Measurement and reporting of specific items of FV could allow for comparability 
across studies by categorizing FV items into subgroups aligned with the USDA DGA: 
dark green vegetables; red and orange vegetables; legumes including beans and peas; 
starchy vegetables; and other vegetables.  
3. Seasonality and country-/region-specific data should be collected when possible for 
context about FV variety and for improved generalizability of findings.  
4. FV variety is positively associated with different aspects of nutrient intake and should 
be considered in efforts to promote or improve nutrition.  
5. FV variety is associated with reduced risks of some cancers and may have protective 
factors which are not yet understood. These reduced risks have been noted among 
current smokers, a lifestyle habit associated with increased risk of lung and other 
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cancers. FV variety may be an important aspect of reducing risk for populations at 
increased risk of some cancers.    
6. FV variety is changeable through intervention and health promotion efforts – due to 
impacts on nutrient intake, the importance of nutrient intake in childhood and 
adolescence, and the lack of thorough exploration and targeting of FV variety in 
children thus far, targeting FV variety in childhood and adolescence is an important 
aspect of FV consumption for improved nutrient intake, dietary quality, and overall 
health from childhood into adulthood.   
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JOURNAL ARTICLE 
Associations between variety of FV consumed, demographic factors, and dietary 
behaviors among 8th and 11th grade students in Texas 
Public Health Nutrition  
Introduction  
Adequate fruit and vegetable (FV) consumption is critical for proper physical and 
psychosocial development throughout childhood and adolescence.1-4 FV consumption is 
associated with reduced risk of chronic disease and all-cause mortality1,2; low FV 
consumption is one of the top 10 risk factors for mortality worldwide.1  The World Health 
Organization (WHO) estimates that about 14% of gastrointestinal cancer deaths, 11% of 
ischemic heart disease deaths, and 9% of stroke deaths are due to inadequate FV 
consumption.1 Despite widespread efforts, FV consumption remains below recommendations 
set by health and nutrition experts.1,4 
The 2015-2020 U.S. Dietary Guidelines for Americans recommend 2.5-cup 
equivalents of vegetables a day and 2-cup equivalents of fruit per day for a 2,000-calorie 
diet.4 The fruit group includes both whole fruit and 100% fruit juice, although the guidelines 
emphasize whole fruit rather than juice consumption for fiber intake and because fruit juices 
often have added sugars.4 
Most adults in the U.S. consume too few FV. The CDC estimates that, in 2015, only 
12.2% of adults met recommendations for fruit intake, and only 9.3% of adults met 
recommendations for vegetable intake.5 In the U.S., it is estimated that 8.5% of high school 
students met recommendations for fruit intake and 2.1% met recommendations for vegetable 
intake.6  
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Although FV consumption is often presented as the total amount of fruits and/or 
vegetables consumed, another way to examine FV intake is by variety, e.g., the types or 
subgroups of FV consumed. Higher quantity of FV consumed is associated with higher 
vitamin intake among adolescents7, but FV variety is also associated with higher nutrient and 
vitamin intake.8 As different micronutrients are present in different types of FV, consumption 
of a variety of FV, as well as an adequate quantity, is critical for optimal nutritional 
benefit.4,9 For example, tomatoes and tomato products provide lycopene, which is associated 
with reduced risk of prostate cancer10, while starchy vegetables are low in this phytonutrient. 
In a study of FV consumption and serum concentrations of antioxidant vitamins, 
consumption of root vegetables was positively associated with beta-carotene serum status, 
and consumption of citrus fruits was positively associated with vitamin C and beta-carotene 
status.11 A systematic review and meta-analysis assessing the effect of increasing FV 
consumption on overall diet found that increasing FV consumption leads to higher fiber, 
micronutrient, and vitamin intake among adults including beta-carotene, vitamin C, total 
carotenoids, vitamin A, alpha-carotene, and lutein.12  To ensure adequate dietary intake of 
vitamins and phytochemicals, it is important to consume different types of fruits and 
vegetables. 
Interestingly, the most commonly consumed FV are mostly juices and potatoes, 
which tend to be higher in caloric value than other fruits and vegetables due to preparation 
methods.13 The 2015-2020 U.S. Dietary Guidelines for Americans recommend limiting fruit 
juice due to added sugars and focusing on whole fruits for fiber intake, and reducing intake 
of fried potatoes and potato snacks.4 Potatoes contain fiber as well as vitamins and 
micronutrients such as potassium, magnesium, phosphorus, iron, and zinc.14 However, many 
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common preparations of potato foods include addition of fats such as frying or addition of 
butter, cream, and cheese, which leads to the higher caloric value and resulting 
recommendations to decrease intake of fried potatoes and potato snacks.14 
FV consumption and associated vitamin and nutrient intake are important for healthy 
growth and development during childhood and adolescence, and healthy functioning, 
including immune function, at all ages.4,9,15 Lifestyle habits formed in childhood tend to track 
into adulthood4, so consumption of FV is important to establish at an early age. FV 
consumption is associated with reduced risk of chronic disease in childhood and adulthood, 
including diabetes, obesity and heart disease, as well as multiple types of cancers in 
adulthood.2,16 
Child and adolescent FV consumption has been associated with a variety of 
demographic factors including gender, age, race/ethnicity, and socioeconomic status 
(SES).17,18 Gender is significantly associated with FV consumption among adolescents.17-19 
Food preferences, correlated with consumption in a systematic review20, also differ 
significantly by gender.21 Among school-aged children, girls showed significantly higher 
preference for FV over boys.21 Another study of school-aged children’s FV consumption 
found that preferences alone explained 81% of gender differences in FV consumption, which 
was higher among girls than boys.22 Links between child and adolescent FV consumption 
and age are documented, with FV consumption tending to decrease with age.23  
Multiple studies have found significant differences by race/ethnicity in predictors and 
correlates of FV intake among youth.18,24-26 A systematic review of determinants of FV 
intake among low-income youth found that FV intake was consistently higher among 
Hispanic youth as compared with African American and white youth.24 In a nationally-
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representative school-based survey of high school students, the median number of times they 
consumed FV per day was higher among white students than among Hispanic/Latino or 
Black/African-American students.27 Further, significant differences have been found in FV 
intake correlates by minority/non-minority status28 and socioeconomic status (SES).29 
Parental educational attainment, occupational status, and socioeconomic status have been 
found to be correlated with child FV consumption.30,31 Hispanic adults living on the US-
Mexico border have been found to be significantly less likely to meet FV consumption 
guidelines than Hispanic adults not living on the US-Mexico border after adjusting for 
educational attainment, employment, preferred language, age, and insurance.32  
While there is limited research on FV variety, a recent study found that reasons for 
consuming different types of vegetables vary by type of vegetable, suggesting that 
consumption behaviors cannot be generalized across vegetables.33 This finding supports the 
need for further examination of FV variety in terms of behaviors and determinants among 
children and adolescents. While there is literature supporting the importance of quantity of 
FV consumed, and literature on determinants of FV consumption, there is a lack of research 
on the role of FV variety consumed as relative to other dietary behaviors and demographic 
factors. Because of the importance of nutrient intake in childhood and adolescence and the 
role of FV variety in nutrient and vitamin intake, it is crucial to better understand the factors 
associated with intake of FV variety.  
Specific Aims and Hypotheses 
This paper examines the variety of FV consumed among 8th and 11th grade students 
in Texas to address the following aims.   
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Aim 1: Examine the associations between the variety of FV consumed and demographic 
factors in a multi-ethnic, representative population of Texas adolescents in 8th and 11th grade.  
Hypothesis 1a: FV variety will be significantly higher among 8th and 11th grade girls 
as compared to 8th and 11th grade boys.  
Hypothesis 1b: FV variety will differ significantly by race/ethnicity among 8th and 
11th grade students, with Hispanic/Latino and Black/African American groups 
consuming less FV variety than White adolescents.  
Hypothesis 1c: FV variety will be significantly lower among 8th and 11th grade 
students in border regions compared to those in non-border regions 
Hypothesis 1d: FV variety will differ significantly by school-level SES tertiles among 
8th and 11th grade students, with students in the highest SES tertile consuming a 
greater variety of FV compared to students in the middle and lowest SES tertiles. 
Aim 2: Examine associations between variety of FV consumed and dietary quality as 
characterized by a modified version of the SPAN Healthy Eating Index and whether these are 
modified by SES level.  
Hypothesis 2a: Significantly higher modified SPAN Healthy Eating Index (mSHEI) 
scores (excluding FV) will be associated with higher fruit variety, higher vegetable 
variety, and higher Total FV variety scores in the full sample and within school-level 
SES groups after adjusting for demographic covariates. 
Hypothesis 2b:  Significantly higher modified SPAN Healthy Eating Index (mSHEI) 
scores will be associated with higher FV consumption in the full sample and within 
school-level SES groups after adjusting for demographic covariates. 
Methods 
This study is a secondary data analysis of cross-sectional data collected as part of the 
2015-2016 Texas School Physical Activity and Nutrition (Texas SPAN) surveillance study. 
Texas SPAN is a periodic, cross-sectional survey measuring obesity, diet and physical 
activity behaviors, and other health-related and demographic factors.34,35 SPAN sampling is 
designed to be representative of the Texas population by gender, race/ethnicity, and 
grade.35,36 More details on the sampling frame are published elsewhere.35,36   
For the purposes of this paper, FV variety is operationalized as the sum of different 
types of vegetables (up to 5 varieties) and different types of fruit (up to 2 varieties) as 
measured by the SPAN survey, as well as total FV variety (both variables summed together). 
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This paper will analyze associations between variety of FV consumed, demographic factors, 
and consumption of healthy and unhealthy foods using dietary data from a representative 
sample of Texas adolescents in 8th and 11th grade.  
Study Design and Setting 
 This research utilized secondary data analysis from a cross-sectional study design. 
SPAN student questionnaires were administered in Texas middle and high schools with 8th 
grade and 11th grade students, surveyed in SPAN during the 2015-2016 school years.34 A 
total of 9,056 students were sampled, representing N=659,288. 
Study Population 
This research used 2015-2016 SPAN data from a representative sample of 8th and 
11th grade students from across Texas.  Data are weighted by gender, race/ethnicity 
(Hispanic/Latino, African American/Black, and White/other), and region (Texas-Mexico 
border versus non-border).  
Human Subjects 
All study protocols and measurement instruments were approved by the University of 
Texas Health Science Center at Houston (UTHealth) School of Public Health Institutional 
Review Board (IRB), HSC-SPH-00-056, and the Texas Department of State Health Services 
(TX DSHS), 04-062. District and school level approvals were obtained for all measurements. 
Additionally, all research staff were certified for research with human subjects, and passed 
background checks prior to measurement. Student surveys were administered in classroom 
with parental consent and child assent.34 
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Measures 
Fruit and Vegetable Consumption 
FV consumption was operationalized as the number of FV servings consumed in the 
day prior to data collection. This variable was constructed using the same items that measure 
FV variety; however, the number of times an item was consumed was quantified. Scoring for 
fruit consumption was based on the number of times each of the two fruit items was 
consumed 0 times (0 points), 1 time(1 point), 2 times (2 points), or 3 or more times (3 
points). For vegetable consumption, response options were the same as those of fruit and 
scoring was conducted using the same approach. Scoring and measurement items are 
presented in Table 1.  Total FV consumption scores were calculated as the sum of fruit 
consumption scores and vegetable consumption scores.  
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Table 1. Fruit and Vegetable Items from SPAN Survey and Response Options with Points for Consumption and Variety 
Scores 
 
Food Groups and 
Subgroups Survey Item Response Options 
Points for 
Consumption 
Scores 
Points for 
Variety 
Scores 
Fruit    (0-6) (0-2) 
Fruit  
 
“Yesterday, did you eat fruit? Fruits are 
all fresh, frozen, canned, or dried fruits” 
 
“no I didn’t eat any fruit yesterday”  0 0 
“yes, I ate fruit 1 time yesterday”  1 1 
“yes, I ate fruit 2 times yesterday”  2  
 “yes, I ate fruit 3 or more times yesterday" 3  
Fruit Juice  
 
“Yesterday, did you drink fruit juice? 
Fruit juice is a drink that is 100% juice, 
like orange, apple, or grape juice.”  
(excludes: punch, Kool-Aid, sports drinks, 
or other fruit-flavored drinks like Sunny D 
or Capri Sun) 
“no I didn’t drink any fruit juice yesterday”  0 0 
“yes, I drank fruit juice 1 time yesterday”  1 1 
“yes, I drank fruit juice 2 times yesterday” 2  
“yes, I drank fruit juice 3 or more times yesterday" 3  
Vegetables    (0-15) (0-5) 
Starchy 
Vegetables  
 
“Yesterday, did you eat starchy 
vegetables like potatoes, corn or peas”  
(exclude: French fries, fried potatoes, 
potato chips, or any other type of chips) 
“no I didn’t eat any starchy vegetables yesterday”  0 0 
“yes, I ate starchy vegetables 1 time yesterday” 1 1 
“yes, I ate starchy vegetables 2 times yesterday”  2  
 “yes, I ate starchy vegetables 3 or more times 
yesterday" 
3  
Orange 
Vegetables  
 
“…any carrots, squash, sweet potatoes, or 
any other orange vegetables” 
“no I didn’t eat any orange vegetables yesterday”  0 0 
“yes, I ate orange vegetables 1 time yesterday”  1 1 
“yes, I ate orange vegetables 2 times yesterday”  2  
“yes, I ate orange vegetables 3 or more times 
yesterday" 
3  
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Table 1. Fruit and Vegetable Items from SPAN Survey and Response Options with Points for Consumption and Variety Scores 
continued 
Food Groups 
and Subgroups Survey Item Response Options 
Points for 
Consumption 
Scores 
Points for 
Variety 
Scores 
Green 
Vegetables  
 
“…salad made with lettuce, or any green 
vegetables like spinach, green beans, 
broccoli, or other greens” 
“no I didn’t eat any green vegetables yesterday”  0 0 
“yes, I ate  green vegetables 1 time yesterday”  1 1 
“yes, I ate  green vegetables 2 times yesterday”   2  
 “yes, I ate  green vegetables 3 or more times 
yesterday" 
3  
Other 
Vegetables  
 
“any other vegetables like peppers, 
tomatoes, zucchini, asparagus, cabbage, 
cucumbers, mushrooms, eggplant, celery, 
or artichokes”  
“no I didn’t eat any other vegetables yesterday”  0 0 
“yes, I ate other vegetables 1 time yesterday”  1 1 
“yes, I ate other vegetables 2 times yesterday”   2  
 “yes, I ate other  vegetables 3 or more times 
yesterday" 
3  
Beans 
 
“beans such as pinto beans, baked beans, 
kidney beans, refried beans, or pork and 
beans”  
(excludes green beans) 
“no I didn’t eat any beans yesterday”  0 0 
“yes, I ate beans 1 time yesterday”  1 1 
“yes, I ate beans 2 times yesterday”  2  
 “yes, I ate beans 3 or more times yesterday" 3  
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Fruit and Vegetable Variety 
FV intake was measured using a Texas SPAN survey adapted from the School-Based 
Nutrition Monitoring (SBNM) secondary level student questionnaire.37 Variety was 
measured using the same items as FV consumption, with different scoring. The food 
selection questions from the SPAN survey were shown to have good reproducibility 
(agreements ≥ 85%, k statistics 0.68, correlation coefficients ≥0.68) and are considered 
similar or better than other instruments for this age group.37 The surveys were pen-and-paper 
surveys printed on computer-scannable forms.  
Fruit Intake and Variety. The Texas SPAN survey instrument includes two items 
assessing fruit intake, which were treated as two distinct fruit groups (in bold): whole fruits 
and 100% fruit juice.  
“Yesterday, did you eat fruit? Fruits are all fresh, frozen, canned, or dried fruits” 
“Yesterday, did you drink fruit juice? Fruit juice is a drink that is 100% juice, like 
orange, apple, or grape juice.” (exclude: punch, Kool-Aid, sports drinks, or other 
fruit-flavored drinks like Sunny D or Capri Sun) 
Response options for consumption refer to how many times an item was consumed 
the previous day, with possible responses of: 0 times, 1 time, 2 times, and 3 or more times. 
Total Fruit Variety was operationalized as having consumed each distinct item at least once 
the day prior to measurement. One point was assigned for consumption of one or more times 
on the previous day, while zero points were assigned if the item was not consumed at all. 
Possible scores were 0-1 per item and total range of 0-2 for Total Fruit Variety. Both items 
measuring fruit and 100% fruit juice have demonstrated reproducibility respectively 
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(agreements = 73%, κ statistic = 0.61, Spearman correlation coefficient = 0.79) and 
(agreements = 81%, κ statistic = 0.71, Spearman correlation coefficient = 0.87).37 The items 
have acceptable validity relative to a 24-hour dietary recall for fruit (agreements = 55%, κ 
statistic = 0.33, Spearman correlation coefficient = 0.53) and for 100% fruit juice 
(agreements = 54%, κ statistic = 0.33, Spearman correlation coefficient = 0.40).37 
Vegetable Intake and Variety. The SPAN survey instrument included 5 items 
assessing vegetable intake, which included intake of 5 groups of vegetables: starchy 
vegetables, orange vegetables, green vegetables, other vegetables, and beans/legumes. Beans 
are included based on the inclusion of legumes (beans and peas) as a distinct vegetable group 
in the 2015-2020 U.S. Dietary Guidelines for Americans.4 Questions and food item examples 
are provided below, and food item classification is in bold. Each item asked “Yesterday did 
you eat…” 
“…starchy vegetables like potatoes, corn or peas” (exclude: French fries, fried 
potatoes, potato chips, or any other type of chips) 
“…any carrots, squash, sweet potatoes, or any other orange vegetables” 
“…salad made with lettuce, or any green vegetables like spinach, green beans, 
broccoli, or other greens” 
“any other vegetables like peppers, tomatoes, zucchini, asparagus, cabbage, 
cucumbers, mushrooms, eggplant, celery, or artichokes”  
“beans such as pinto beans, baked beans, kidney beans, refried beans, or pork and 
beans” (exclude green beans) 
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Possible response options for vegetable intake mirror those for fruits: 0 times, 1 time, 
2 times, and 3 or more times. Total Vegetable Variety Score was created based on scoring of 
0/1 for having consumed an item at least once, for a possible score of 0-1 per item and total 
range of 0-5 for Total Vegetable Variety. The item assessing legume/bean intake has 
demonstrated reproducibility (agreements = 93%, κ statistic = 0.78, Spearman correlation 
coefficient = 0.85), and validity compared to a 24-hour recall (agreements =83%, adj κ 
statistic = 0.59, Spearman correlation coefficient = 0.68).37 The item assessing vegetables 
from which these items were adapted also shows good reproducibility (agreements = 72%, κ 
statistic = 0.60, Spearman correlation coefficient = 0.73) and acceptable validity as compared 
to a 24-hour recall (agreements = 51%, κ statistic = 0.32, Spearman correlation coefficient = 
0.57)37 FV consumption items from SPAN survey are presented in Table 1.  
Total Fruit and Vegetable Variety. Total FV Variety was operationalized as having 
consumed each distinct fruit or vegetable item at least once the day prior to measurement. 
Total FV Variety was scored as the sum of Total Fruit Variety and Total Vegetable Variety, 
with a range of 0-7.  
Variety Tertiles. Approximate tertiles were created for V variety and FV variety 
score. Tertiles were not created for F variety as there are only three possible scores for F 
variety (0, 1, or 2). The tertiles created for V variety were low (0 types of V; 30.79% of 
respondents), middle (1 type of V; 27.24% of respondents), or high (2 or more types of V; 
41.96% of respondents). FV variety tertiles were categorized as low (0-1 types of FV; 31% 
of respondents), middle (2-3 types of FV; 42% of respondents) or high (4 or more types of 
FV; 27% of respondents). 
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Modified SPAN Healthy Eating Index 
Healthy eating was described using a modified version of the SPAN Healthy Eating 
Index (SHEI). The SHEI is a composite variable that considers a variety of healthy foods and 
unhealthy foods. Healthy foods are scored and summed, unhealthy foods are scored and 
summed, and the total unhealthy score is subtracted from the healthy foods score for a 
composite SHEI score which is scaled 0-100.34 Healthy foods included in the modified SHEI 
(mSHEI) include items such as grilled or baked meats, nuts and nut butters, brown rice, 
brown pasta, whole fruit, green vegetables, orange vegetables, starchy vegetables, other 
vegetables, and beans, unflavored milk, and yogurt.34 Unhealthy foods in the mSHEI include 
items fried meat, red meat, salty fried snacks, sugar-sweetened drinks (sodas, punches, and 
flavored milks), and dessert items (candy, frozen desserts, sweet baked goods). The SHEI has 
been shown to have good construct validity.34 
 Body Mass Index 
Body mass index (BMI) was used to categorize weight status. Anthropometric 
measures were conducted in schools by trained research staff following a standardized 
protocol using stadiometers (Perspectives Enterprises Portable Adult Measuring Unit PE-
AIM-101, Portage, Mich) and calibrated Tanita BWB-800S or SEXA 770 scales (Arlington 
Heights, Ill).35,38,38 Weight status classification using BMI was based on current age- and 
gender-specific CDC growth-charts 39. An adolescent with a BMI of > 85th percentile – 95th 
percentile is considered to have overweight and an adolescent with a BMI ≥ 95th percentile is 
considered to have obesity.39 Three weight status categories were used in analyses: 
adolescents with underweight and normal weight were combined; adolescents with 
overweight; and adolescents with obesity.  
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 Socioeconomic Status 
Socioeconomic Status (SES) was measured at the school level. SES is based on the 
percentage of students who are economically disadvantaged at each school. SES was 
assigned to each respondent individually, and tertiles were constructed. SES tertiles (high, 
middle, and low) were based on percent of economically disadvantaged students at the 
school-level. The highest school-level SES tertile had the lowest percentage of economically 
disadvantaged students, and the lowest SES tertile had the highest percentage of 
economically disadvantaged students. 
Demographic Factors 
Other demographic factors considered include grade, gender, and race/ethnicity. 
These variables were assessed using one item each on the survey. Grades included 8th and 
11th. Race/ethnicity was categorized into three groups: Hispanic/Latino, Black/African-
American, and White/other. The small number of respondents self-reporting as other were 
combined with White.  
Data Analysis 
To assess group differences in FV variety intake, t-tests, and logistic regression 
analyses were used. Prior to testing for group differences, assumptions of normality were 
tested. Chi-square tests were conducted to test for differences in FV variety scores by 
different demographic factors to test hypotheses 1a, 1b, 1c, and 1d. A logistic regression was 
conducted to test for differences in modified SHEI (mSHEI) scores across school-level SES 
tertiles.  Analyses were adjusted for state survey weights, except for Hypothesis H1c, which 
used Texas-Mexico border/non-border survey weights. 
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Results 
Demographics of the study sample stratified by gender are shown in Table 2. The 
study sample was 51.1% male; 52.7% of participants were in the 8th grade. Most participants 
self-reported as Hispanic or Latino (50.9%), with 12.5% of the sample self-reporting as non-
Hispanic Black or African-American, and 36.6% of the sample self-reporting as White non-
Hispanic or other. Participants were normal or underweight (59.8%), 17.9% had overweight, 
and 22.3% had obesity. Most of the respondents lived in non-border areas (78.1%). No 
significant differences were found in demographic characteristics by gender aside from 
weight status (p=0.022); fewer girls had obesity compared to boys.  
Table 2. Demographic Characteristics of 8th and 11th grade Students by Gender 
 Male Female Total p-value 
Total 51.06% 48.94% 100%  
Grade     
8th 53.1% 52.3% 52.7%  
11th  46.9% 47.7% 47.3% 0.85 
Race/Ethnicity     
White (non-Hispanic) 36.7% 36.5% 36.6%  
Black or African American (non-
Hispanic) 
12.5% 12.6% 12.5%  
Hispanic or Latino/a 50.9% 36.5% 50.9% 1.00 
Weight status     
Normal or underweight 57.7% 62.0% 59.81%  
Overweight 16.7% 19.2% 17.90%  
Obese 25.6% 18.8% 22.29% 0.022* 
Border Status     
Border Region 22.0% 21.7% 21.87%  
Non-Border Region 78.0% 78.3% 78.13% 0.87 
* p<0.05 
Weight status classification using BMI was based on current age- and gender-specific CDC 
growth-charts 39. An adolescent with a BMI of > 85th percentile – 95th percentile is considered to 
have overweight and an adolescent with a BMI ≥ 95th percentile is considered to have obesity.39 
n=9,056; N=659, 288 
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FV variety consumption behaviors were examined by FV group: starchy vegetables, 
orange vegetables, green vegetables, beans, other vegetables, whole fruit, and 100% fruit 
juice. Consumption was assessed for each of these FV groups across sociodemographic 
factors, using logistic regression to predict the proportion of each sociodemographic group 
that had consumed the FV group at least once in the day prior. Significant differences were 
found by multiple sociodemographic factors, which differed by FV group.  
Grade 
The only significant difference in consumption of specific FV items by grade was 
intake of starchy vegetables – a greater proportion of 8th grade students reported having 
consumed starchy vegetables than 11th graders (p=0.044).  
Gender 
A higher percentage of boys consumed orange vegetables (p=0.038), and a higher 
percentage of girls consumed green vegetables (p=0.038). Boys also consumed significantly 
higher fruit variety than girls as indicated by their fruit variety scores (p=0.049) 
Race/Ethnicity 
A smaller percentage of Black/African-American respondents consumed orange 
vegetables (p=0.049) and green vegetables (p=0.009) compared to other racial/ethnic groups. 
A larger proportion of Black/African-American adolescents consumed fruit juice than either 
Hispanic adolescents (p=0.004) and White/other adolescents (p=0.001). Further, a smaller 
percentage of Black/African-American adolescents consumed whole fruit compared to 
Hispanic adolescents (p=0.036) or White/other adolescents (p=0.018).  
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Weight Status 
A greater percentage of adolescents with obesity consumed green vegetables than 
adolescents with normal/underweight (p=.005). No other significant differences by weight 
status were identified in percentage of adolescents consuming specific FV types. No 
significant differences were found in mean variety scores by weight status.  
Border/non-border Region 
A smaller percentage of respondents in border regions consumed most of the FV 
types examined as compared to non-border adolescents. Significantly smaller percentages of 
adolescents in border regions consumed orange vegetables (p=0.001), and whole fruit 
(p=0.002). The difference between proportion of adolescents in border regions and non-
border regions who consumed starchy vegetables approached significance (p=0.068), with 
fewer adolescents in border regions consuming starchy vegetables. Adolescents in non-
border regions also consumed a higher variety of vegetables as indicated by vegetable variety 
score (p=0.001) and greater total FV variety (0.024) than adolescents in border regions.  
School-level Socioeconomic Status Tertiles 
Significant differences in FV variety consumption were found by school-level SES 
tertile. A greater percentage of adolescents in the highest school-level SES tertile consumed 
vegetables from the “other vegetables” group compared to the lowest tertile (p=0.039). A 
smaller percentage of adolescents in the highest (p=0.000) and middle (p=0.016) SES tertiles 
consumed whole fruit than the lowest school-level SES tertile. Fruit juice consumption was 
significantly lower among adolescents in the highest SES tertile (p=0.013).  
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Table 3. FV Consumption and Variety Among 8th and 11th Graders by Sociodemographic Characteristics 
 Estimated Percentage of Group Consuming FV Item at Least Once in Previous Day 
Predicted Variety Scores 
Mean Types(SE) 
 
Starchy 
Vegetables  
Orange 
Vegetables 
Green 
Vegetables  
Beans 
Other 
Vegetables 
Whole 
Fruit 
Fruit 
Juice 
V Variety 
(0-5) 
F Variety 
(0-2) 
Total FV 
Variety (0-7) 
Grade           
8th 38.6% 24.8% 35.2% 23.4 33.7 69.1% 44.2 1.52 (.04) 1.10 (.04) 2.61 (.06) 
11th  34.4%*  24.4%  35.1% 24.3 34.5 66.7% 41.3 1.51 (.05) 1.07 (.04) 2.58 (.08) 
Gender           
   Male 38.0% 27.1% 33.1% 23.0% 33.3% 67.6% 47.7%** 1.52 (.05) 1.12(.04)* 2.64 (.05) 
   Female 35.1% 22.0%* 37.3%* 24.6% 34.9% 68.3% 37.7% 1.50 (.05) 1.04 (.03) 2.55 (.08)  
Race/Ethnicity           
White (non-Hispanic) 37.2% 26.6%* 40.9%* 17.7% 36.4% 70.0% 38.6%** 1.59 (.07) 1.02 (.05) 2.61 (.10) 
Black or African American 
(non-Hispanic) 
36.1% 17.3% 30.3% 23.9% 30.5% 60.1%* 54.9% 1.36 (.11) 1.14 (.06) 2.49 (.15) 
Hispanic or Latino/a 36.2  25.1% 32.1%  27.9% 33.2% 67.9% 42.8% 1.50 (.05) 1.11 (.03) 2.61 (.07) 
Weight status           
Normal weight 37.5% 23.6% 32.9% 24.1% 34.7% 68.8% 44.3% 1.52 (.05) 1.10 (.03) 2.62 (.07) 
Overweight 32.9% 25.0% 38.4% 20.6% 34.6% 66.9% 42.5% 1.49 (.12) 1.08 (.05) 2.57 (.16) 
Obese 37.1%  27.1% ** 38.7%* 25.5% 31.8% 66.7% 39.1% 1.55 (.07) 1.05 (.05) 2.61 (.07) 
Border status           
Border region 33.0% 20.3% 32.7%* 24.0% 32.5%* 62.3%** 42.5% 1.39* (.04) 1.08 (.01) 2.47* (.03)  
Non-border region 37.6%  25.8%  35.8% 23.2% 34.5%  69.5% 42.9%  1.55 (.03)  1.08 (.03) 2.63 (.06) 
School-level SES Tertiles           
High 37.4 25.5% 37.2% 23.1%* 37.2%* 63.5%** 36.2%* 1.58 (.04) 0.99(.04) 2.57 (.06) 
Middle 37.6 24.6% 34.5% 20.9% 33.5% 67.4%* 47.5% 1.46 (.05) 1.12 (.04) 2.58 (.08) 
Low 35.4% 23.3%  32.6%  27.0% 30.2% 74.3% 47.8% 1.46 (.07) 1.19 (.07) 2.65 (.10) 
Notes: FV = Fruit and vegetable; Total V Variety = Total vegetable variety score (0-5); Total F Variety = Total fruit variety score (0-2); Total FV Variety = 
Total fruit and vegetable variety score (0-7);  
SES = socioeconomic status, measured at the school-level and categorized into tertiles, low (85-100% economically disadvantaged), middle (70-84% 
economically disadvantaged), and high (<70% economically disadvantaged) 
Significant findings in bold; * p<0.05; ** p<.01; ***p<.001 
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Fruit variety was a significant determinant of overall healthy eating as represented by 
the mSHEI in the middle SES tertile (p=0.026) and across increasing levels of fruit variety, 
mSHEI increased within the high SES tertile (p=0.000) (Table 4). Likewise, each tertile 
increase in V variety was associated with significant increases in mSHEI scores in the full 
sample (p=0.000) and within the highest school-level SES tertile (p=0.000). Similarly, FV 
variety was associated with significant increases in both the full sample (p=0.0009) and 
within the highest school-level SES tertile (p=0.000). 
Table 4. Estimated Values of mSHEI for each level of Fruit Variety, Vegetable Variety, and Total Fruit 
and Vegetable Variety for Full Sample and by School-level SES Tertile 
Variety Scores Full Sample Low SES Middle SES High SES 
 Predicted mSHEI Predicted mSHEI Predicted mSHEI Predicted mSHEI 
F Variety (0-2)     
0 53.92 54.48 54.45 53.32 
1 55.18 54.34 53.95 56.36 
2 54.11 53.19 53.19 55.95 
p-value for trend 0.98 0.15 .12 0.000*** 
Tertiles of V variety     
Low (0) 53.69 53.89 53.49 53.68 
Middle (1) 53.76 53.17 52.55 55.15 
High (2-5) 55.6 54.49 54.79 56.76 
p-value for trend 0.000*** 0.32 0.08 0.000*** 
Tertiles of FV 
Variety (0-7) 
    
Low (0-1) 53.73 54.16 53.89 53.36 
Middle (2-3) 54.35 53.67 52.90 55.87 
High (4-7) 55.71 54.13 55.04 57.20 
p-value for trend 0.0009*** 0.99 0.25 0.000*** 
Analyses adjusted for demographic factors including age, gender, and socioeconomic status. 
* p<0.05; **p<0.01; ***p<0.001 
mSHEI, modified SPAN Healthy Eating Index which does not include FV 
SES, socioeconomic status, measured at the school-level and categorized into tertiles, low (85-100% 
economically disadvantaged), middle (70-84% economically disadvantaged), and high (<70% 
economically disadvantaged) 
SE, Standard Error 
When assessing the impact of a one-unit increase in variety consumption on mSHEI 
scores, significant associations were found in the full sample and within SES tertiles. A one-
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unit increase in V variety was associated with a significant increase in mSHEI scores 
(β=0.69, SE=0.16, p-value=0.000), as did a one-unit increase in FV variety (β=0.45, SE=.13, 
p-value=0.001). In the middle SES tertile, a one-unit increase in V variety was associated 
with a significant increase in mSHEI (β=0.66, SE=0.17, p-value=0.000). Within the highest 
SES tertile, a one-unit increase in variety of any type (F, V, FV) was associated with 
significant increases in mSHEI: F variety (β=1.33, SE=.29, p-value=0.000), V variety 
(β=0.90, SE=0.28, p-value=0.001), and FV variety (β=.81, SE=0.19, p-value=0.000). 
Table 5. Estimated Change in modified SPAN Healthy Eating Index Scores (MSHEI) for a 
1-unit increase in Fruit Variety, Vegetable Variety , and Total Fruit and Vegetable Variety 
for Full Sample and by School-level SES Tertile  
FV Variety  Full Sample  Low SES  Middle SES  High SES  
  
Change in MSHEI for 
one unit increase in 
predictor (Beta, SE) 
Change in MSHEI for 
one unit increase in 
predictor 
Change in MSHEI for 
one unit increase in 
predictor 
Change in 
MSHEI for one 
unit increase in 
predictor 
Fruit Variety .01 (.28) -.73 (.50) -.64 (41) 1.33 (.29)*** 
Vegetable 
Variety 
.69 (.16)*** .35 (.28) .66 (.17)*** .90 (.28)** 
FV Variety .45 (.13)** .10 (.25) .30 (.16) .81 (.19)*** 
* p<0.05; **p<0.01; ***p<0.001 
mSHEI, modified SPAN Healthy Eating Index which does not include FV 
SES, socioeconomic status, measured at the school-level and categorized into tertiles: low (85-100% 
economically disadvantaged), middle (70-84% economically disadvantaged), and high (<70% economically 
disadvantaged) 
SE, Standard Error 
n=9,056; N=659, 288 
 In addition to variety, the impact of a one-unit increase in consumption of F, V, and 
FV (which includes both variety and frequency) on mSHEI scores were examined in the full 
sample and within SES tertiles. A one-unit increase in fruit consumption was associated with 
significant decreases in mSHEI scores in the lowest SES tertile (β=-.8581, SE=.3329, p-
value=0.011), in the middle SES tertile (β=-.5567, SE=.2609, p-value=0.034), and significant 
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increase in the highest SES tertile (β=.8762, SE=.2360, p-value=0.000). A one-unit increase 
in total FV consumption was associated with significant increase in mSHEI only in the 
highest SES tertile (β=.3976, SE=.1544, p-value=0.011). 
Table 6. Predicted Change in MSHEI for a 1-unit increase Fruit Consumption, Vegetable 
Consumption, and Total Fruit and Vegetable Consumption for Full Sample and by School-
level SES Tertile  
FV consumption 
  
Full Sample  Low SES  Middle SES  High SES  
Change in mSHEI 
for one unit increase 
in predictor  
Beta (SE) 
Change in mSHEI 
for one unit increase 
in predictor 
Change in mSHEI 
for one unit increase 
in predictor 
Change in 
mSHEI for one 
unit increase in 
predictor 
Fruit consumption -.08 (.21) -.86 (.33)* -.56 (.26)*  .88 (.24)*** 
Vegetable 
consumption 
.27 (.14) .06 (.27) .26 (.15) .38 (.21) 
FV consumption .13 (.11) -.14 (.19) -.02 (.13) .40 (.15)* 
* p<0.05; **p<0.01; ***p<0.001 
F consumption, V consumption, FV consumption refers to total number and types of FV 
mSHEI, modified SPAN Healthy Eating Index which does not include FV 
SES, socioeconomic status, measured at the school-level and categorized into tertiles; low (85-100% 
economically disadvantaged), middle (70-84% economically disadvantaged), and high (<70% economically 
disadvantaged) 
SE, Standard Error 
n=9,056; N=659, 288 
 
Discussion 
Overall, FV variety appear to be or associated with other healthy eating patterns than 
FV consumption in a diverse, adolescent population.  For both FV variety and FV 
consumption, these patterns were more pronounced in schools with relatively higher SES.  
When examined by food group, fruit consumption and FV consumption were associated with 
better eating patterns in the higher SES tertile; fruit variety, vegetable variety, and FV variety 
were associated with better eating patterns in the highest SES tertile and vegetable variety 
was associated with better eating patterns in the middle SES tertile.   
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Boys had significantly higher F variety scores than girls, but no significant 
differences were found in V variety or FV variety by gender. Adolescents in non-border 
regions had significantly higher V variety scores and FV variety scores than adolescents in 
Texas-Mexico border regions.  
Within the sample of adolescents in Texas SPAN, across all groups, mean FV variety 
scores ranged from 2.47-2.65. This appears higher than findings from a study of 3414 adults 
in Brazil, which reported an average of only 2 types of FV per day.40  Adult FV variety may 
be different from adolescents, and FV variety availability and consumption patterns may 
differ between countries. Further, it is possible that FV consumption in middle and high 
schools in the United States may be influenced by FV item provision in the school lunch 
program, which requires provision of a minimum number of FV items per meal in order to be 
reimbursed by the federal government.41  
The gender differences in F variety found in this current study were not expected 
based on current literature regarding FV intake in terms of amounts. In several studies, FV 
intake has been found to be higher for girls than boys22, and preference, an important 
determinant of FV intake20,22, has also been found to be higher for girls than for boys.21 
However, fruit consumption behaviors may differ from vegetable or FV behaviors, and 
variety may not follow overall FV consumption patterns.  
 The current study found no significant differences in F, V, or FV variety between 
racial/ethnic groups, in contrast to findings of a systematic review of determinants of FV 
intake among low-income youth. The systematic review found that FV intake was higher 
among Hispanic youth as compared with African American and white youth24; a descriptive 
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study of 6,513 children and adolescents ages 2-18 also found that Mexican Americans were 
more likely to have adequate F intake.26 Other studies found significant differences in FV 
consumption and correlates across race/ethnicity18,24-26, including higher FV consumption 
among White children.25 These studies included different measurement tools24 and different 
ages24,25 than the current study, and were not measuring variety. While Black/African-
American adolescents had higher F variety scores and lower V and FV variety scores than 
Hispanic/Latino adolescents and non-Hispanic white/other adolescents, these differences 
were not significant.  
 In our model, a smaller percentage of adolescents in the high SES tertile were 
predicted to consume whole fruit, or fruit juice, than adolescents in the lower and middle 
school-level SES tertiles. Further, a one-unit increase in fruit consumption predicted 
significant decreases in healthy eating scores in low- and middle-SES tertiles, but a 
significant increase in high-SES tertile. Based on these data, the relations between fruit 
consumption and healthy eating behaviors appears to be complex – fruit consumption should 
be further explored, and SES should be considered in future research around fruit 
consumption and healthy eating due to the differences in direction of association with an 
increase of one unit of F consumption by SES tertile. The current study operationalizes F 
variety with two subgroups – whole fruit and 100% fruit juice; analysis of multiple types of 
fruit items may show different findings. One study found lower FV consumption among 
lower-income adults but that FV consumption did not vary by income among adolescents.42 
However, another determinant study found that FV intake among children and adolescents 
decreased with age and decreasing SES43; similarly, in this study, positive associations were 
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found in the highest SES tertile between dietary quality and variety, and dietary quality and F 
consumption.  
 F, V, and FV variety were associated with significant increases in overall healthy 
eating behaviors, as did F and FV consumption (but not V consumption). The significant 
increases in healthy eating behaviors predicted by a tertile increase in variety suggest that 
increasing variety is associated with other healthy eating behaviors outside of fruits and 
vegetables. In the current study, within the full sample, across increasing V variety tertiles 
and FV variety tertiles, mSHEI scores increased. This is consistent with existing literature - 
within a much younger sample of preschool children ages 2-5 (n=2595), higher F variety and 
higher V variety were associated with slightly better diet quality scores.44 Additionally, 
within a sample of low-income female adults, higher V variety was associated with better 
dietary quality.45 In the current study, these associations were not shown in the middle or 
lower school-level SES tertiles, but within the highest SES tertile, across increasing F 
variety, V variety tertile, and FV variety tertile, mSHEI scores increased.  
 In the current study, estimated mean F variety scores were higher for boys, and no 
significant differences were found in estimated variety scores of any kind between grades. In 
an existing study of adults 18-34 years old, no differences in F variety were found by age or 
gender46. The same study of 18-34 year olds also found no gender differences in V variety in 
18-24 year olds46; the current study also found no significant gender differences in V variety 
scores, or FV variety scores.  
 In the literature, V variety was negatively associated with body fatness among healthy 
women aged 20-8047; however, no significant associations were found between predicted 
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mean variety scores (F, V, or FV) and weight status in the current study. These findings 
underscore the need for further exploration of FV variety and consumption, the importance of 
FV consumption and variety in overall healthy eating behaviors, the need for consideration of 
SES, and the applicability of tailoring efforts to increase FV variety within health promotion 
interventions to reach specific groups.  
The contrasting directions of the associations between increasing F consumption and 
overall healthy eating as measured by mSHEI scores were unexpected. While greater FV 
variety scores were expected in the highest school-level SES tertile, it was not expected that 
those associations would only be significant within the highest SES tertile. These findings 
suggest that there may be other factors related to SES that may be influencing healthy eating 
behaviors, or influencing the associations of FV variety or total consumption and overall 
healthy eating.  More differences by school-level SES tertile were expected, as several 
aspects of SES are associated with differences in FV intake among children, such as parental 
educational attainment, occupational status, and parental SES; all of which were positively 
associated with child FV intake.30,31 The findings may be due to the assignment of SES from 
the school-level to individuals, as well as the distribution of school-level SES tertiles which 
was skewed towards low SES. In this sample, 32.16% of adolescents were in the lowest 
school-level SES tertile (85-100% of students economically disadvantaged), 38.26% of 
individuals in the middle tertile (70-84% economically disadvantaged), and 29.58% in the 
highest tertile (<70% economically disadvantaged). 
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Strengths and Limitations 
A strength of this study is that it uses a large, multiethnic, representative sample. 
Measures have demonstrated validity and reproducibility.37 Additionally, there is limited 
research on children and adolescents with regard to FV variety. Thus, this study can 
contribute to greater understanding of correlates of FV variety as well as current FV variety 
behaviors. 
Limitations of this study include the self-reported dietary measures. The measurement 
instrument used has limited categories of fruit, as it only measures whole fruit and 100% fruit 
juice. However, because this study looks at fruit variety, vegetable variety, and FV variety 
together, these analyses still provide meaningful insight into overall FV variety behaviors. 
While the SHEI has not been validated, it has been shown to have good construct validity.34 
The cross-sectional nature of the data used in this study prevents causal inferences due to 
lack of temporal precedence, but can still provide insight into current FV variety behaviors to 
inform future research and practice. Additionally, the assignment of SES at the school-level 
to individuals may be a limitation, but still likely represents at least some of the school and 
community-level environmental factors that could influence FV consumption and variety.  
Conclusion/Public Health Implications 
Significant differences in variety consumption by demographic factors including 
gender, border status, race/ethnicity, and SES support the need for tailored interventions 
according to sociodemographic factors. Unexpected findings in directionality of associations 
of demographic factors with FV variety as compared to expectations based on existing 
literature about FV consumption show a need for further measurement and research into 
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variety behaviors. Given the representative nature of this sample, demographic trends in the 
state of Texas with increasing Hispanic/Latino proportion of the population projected48 and 
similar predictions at the national level49, findings of this paper may be used to help inform 
interventions at the national level. Additionally, as FV consumption, FV variety, and V 
variety were found to be a predictors of improved healthy food intake, targeting FV variety 
and V variety in conjunction with FV consumption and other health lifestyle behaviors may 
be important in improving overall eating habits for adolescents. Notably, the association 
between FV consumption and healthy eating appears to be driven by F consumption, while 
associations were found between healthy eating and V variety as well as FV variety. Further, 
reasons for consuming FV differ by FV item, which may have implications for FV variety 
composition.33 These findings indicate the importance of understanding both the amount of 
FV consumed as well as the composition. The findings of this paper support the need to 
examine healthy lifestyle behaviors and eating patterns for adolescents including different 
aspects of eating and lifestyle habits within the context of demographic factors.  
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JOURNAL ARTICLE 
Association of variety of fruit and vegetables consumed with overweight and obesity among 
a multi-ethnic representative population of Texas adolescents. 
Public Health Nutrition 
Introduction 
The importance of fruit and vegetable (FV) consumption for proper physical and 
psychosocial development and functioning for children and adolescents is well established.1,2 FV 
consumption is known to decrease with age from childhood into adolescence3,4, and health habits 
formed in childhood have been shown to persist into adulthood.5 Additionally, different types of 
fruits and vegetables are sources for different micro- and macronutrients.2,6 Thus, consuming a 
variety of fruits and vegetables could provide health benefits beyond an absolute amount of 
intake. As such, the US Department of Agriculture’s Dietary Guidelines for Americans 2015-
2020 recommend consumption of a variety of vegetables over the course of the week, which are 
age and gender specific (Table 1).2  
Table 1. USDA Weekly Variety Recommendations by Vegetable Subgroup for Adolescents 
 Boys Girls 
Subgroup 9-13 years old 14-18 years old 9-13 years old 14-18 years old 
Dark green 
vegetables 
1.5 cups 2 cups 1.5 cups 1.5 cups 
Red & orange 
vegetables 
5.5 cups 6 cups 4 cups 5.5 cups 
Beans & peas 1.5 cups 2 cups 1 cup 1.5 cups 
Starchy vegetables 5 cups 6 cups 4 cups 5 cups 
Other vegetables 4 cups 5 cups 3.5 cups 4 cups 
Low FV consumption is associated with higher BMI and higher risk of obesity.5 Children 
who have overweight or obesity are more likely to have overweight or obesity as adults.7 
Additionally, children who have overweight or obesity are at higher risk for developing chronic 
diseases, such as type 2 diabetes and cardiovascular disease, and worse health outcomes later in 
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life.1,8 Thus, it is important to consume a variety of FV in childhood for healthy development and 
functioning, to decrease subsequent risk for chronic disease, and to establish healthy eating 
habits that will persist to adulthood.5 Numerous demographic factors, including weight status, 
race/ethnicity, socioeconomic status (SES), gender, and age, have all been found to be associated 
with FV consumption.5,9,10 Educational attainment and occupational status of parents have been 
found to be correlated with child FV consumption, as is parental socioeconomic status.11,12 
While there is research on FV consumption and obesity, the results of these studies and 
reviews are sometimes mixed or weak13-15, most work has been done in adults13-15 or elementary 
aged children13, and most measure total FV intake as opposed to variety15; additionally, 
classification of FV varies13,14 and is not always reported.14 Low FV consumption is linked to 
higher body mass index (BMI) and increased risk of obesity.5  Nevertheless, there are very few 
studies that focus on increasing FV consumption specifically as an intervention in children with 
overweight or obesity.16 In fact, a systematic review of interventions to increase FV consumption 
among children and adolescents with overweight  and obesity published in 2014 found only five 
papers, describing seven interventions that were intended to increase fruit or vegetable 
consumption, included baseline and post-intervention measurements, and had either a control or 
comparison group.16 The authors of that systematic review noted the lack of evidence specific to 
FV consumption among youth who have overweight and obesity.16  None of the interventions in 
this systematic review specifically addressed FV variety, and the study participants were all 12 
or younger, with only one study including participants over 10 years of age.16 This research 
seeks to fill an existing gap in the literature by examining associations between FV variety and 
overweight/obesity in adolescents.  This study had two objectives. First, we sought to examine if 
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FV variety is associated with weight status in our population of interest, and second, we wanted 
to examine if this association varies with the intention to lose weight. 
Aim 1: Examine if FV variety consumption is associated with weight status among a multi-
ethnic, representative population of 8th and 11th grade public school students in Texas. 
Hypothesis 1: Lower rates of FV variety consumption will be associated with overweight 
or obese weight status as compared to normal weight status among 8th and 11th grade 
students in Texas. 
Aim 2: Examine the association of FV variety with weight status by intention to lose weight. 
Hypothesis 2: The association of FV variety with weight status will be modified by 
intention to lose weight. 
Methods 
 The proposed research utilizes secondary analysis of data from the 2015-2016 Texas 
School Physical Activity and Nutrition (Texas SPAN) study, which measures obesity, dietary 
and physical activity behaviors, and demographic factors.17,18 Texas SPAN is a periodic, cross-
sectional survey conducted across the state with a sample representative of the population by 
gender, race/ethnicity, and grade. SPAN sampling details are published elsewhere.18,19 All 
surveys were administered in pen-and-paper format on computer scannable forms. 
FV variety was calculated using dietary data from SPAN. Fruit variety and vegetable 
variety were assessed separately and together, operationalized as the sum of distinct fruit items 
(up to 2) and distinct vegetable groups (up to 5) consumed as measured by the SPAN survey 
items.  
Study Setting and Design 
 This paper utilizes secondary data previously collected as part of Texas SPAN, which 
uses a serial cross-sectional design. Measurements were conducted in Texas middle and high 
schools.  
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Study Population 
A multi-ethnic, representative sample of 8th grade and 11th grade students from 2015-
2016 Texas SPAN data (n=9,056 representing N=659,288 students) were participants in this 
study. 
Human Subjects 
Previous approval was obtained for all study protocols and measurement instruments 
from the University of Texas Health Science Center at Houston (UTHealth) School of Public 
Health Institutional Review Board (IRB), HSC-SPH-00-056, and the Texas Department of State 
Health Services (TX DSHS), 04-062. Approval at the district and school levels was also 
obtained. All research staff were certified for human subjects research and obtained background 
checks. Parental active or passive consent and student assent were obtained prior to surveys and 
anthropometric measurements.  
Measures 
Fruit and Vegetable Variety 
Dietary intake, measured using a SPAN survey based on the School-Based Nutrition 
monitoring (SBNM) secondary level student questionnaire20, was used to calculate Fruit Variety, 
Vegetable Variety, and Total FV Variety Scores.  Reproducibility and validity for food choice 
behaviors were acceptable and similar or better than other instruments for this age group 
(agreements ≥ 85%, κ statistics 0.68, correlation coefficients ≥0.68).20 Specific questions 
measuring fruit and vegetable intake are presented in Table 2.
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Fruit Intake and Variety. Two items on the SPAN survey measured fruit intake; these 
items were used to calculate a fruit variety score. The two items assess (1) intake of fruit, 
including fresh, canned, or dried, and (2) 100% fruit juice. All questions use the common stem 
“Yesterday did you eat…” (or drink), followed by the food or drink item. For each of these 
items, possible student responses indicate that a participant consumed the item 0, 1, 2, or 3 or 
more times in the day prior to measurement: 
“no, I didn’t eat any [item] yesterday” 
“yes, I ate [item] 1 time yesterday” 
“yes, I ate [item] 2 times yesterday” 
“yes, I ate [item] 3 times yesterday”  
Table 2. Fruit and Vegetable Items from Texas SPAN Survey 
Food Groups and 
Subgroups 
Survey Item 
Fruit   
Fruit  “Yesterday, did you eat fruit? Fruits are all fresh, frozen, canned, or dried 
fruits” 
Fruit Juice  
 
“Yesterday, did you drink fruit juice? Fruit juice is a drink that is 100% 
juice, like orange, apple, or grape juice.”  
(excludes: punch, Kool-Aid, sports drinks, or other fruit-flavored drinks 
like Sunny D or Capri Sun) 
Vegetables   
Starchy Vegetables  
 
““Yesterday, did you eat starchy vegetables like potatoes, corn or peas” 
(exclude: French fries, fried potatoes, potato chips, or any other type of 
chips) 
Orange Vegetables  
 
“…any carrots, squash, sweet potatoes, or any other orange vegetables” 
Green Vegetables  
 
“…salad made with lettuce, or any green vegetables like spinach, green 
beans, broccoli, or other greens” 
Other Vegetables  “any other vegetables like peppers, tomatoes, zucchini, asparagus, 
cabbage, cucumbers, mushrooms, eggplant, celery, or artichokes”  
Beans “beans such as pinto beans, baked beans, kidney beans, refried beans, or 
pork and beans” (excludes green beans) 
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For calculation of the variety score, scores for each item were dichotomized: participants 
were assigned 0 points for not having consumed an item, and 1 point for having consumed an 
item once or more during the previous day. Possible scores for F variety range from 0-2. The 
item measuring fruit consumption was considered to have good reproducibility (agreements = 
73%, κ statistic = 0.61, Spearman correlation coefficient = 0.79) and acceptable validity 
(agreements = 55%, κ statistic = 0.33, Spearman correlation coefficient = 0.53).20 The item 
measuring 100% fruit juice has demonstrated good reproducibility (agreements = 81%, κ statistic 
= 0.71, Spearman correlation coefficient = 0.87) and acceptable validity (agreements = 54%, κ 
statistic = 0.33, Spearman correlation coefficient = 0.40).20 
Vegetable Intake and Variety. Vegetable intake was assessed through five distinct items 
on the SPAN survey which measure vegetable subgroups. These subgroups are aligned with the 
U.S. Dietary Guidelines for Americans 2015-20202, and include: starchy vegetables, orange 
vegetables, green vegetables, other vegetables, and beans/legumes. Questionnaire items are 
structured similar to that of the items measuring fruit, with a stem of “Yesterday did you 
eat/drink [item]…” and possible responses including responses of  0, 1, 2, or 3 or more times in 
the previous day: 
“no, I didn’t eat any [item] yesterday” 
“yes, I ate [item] 1 time yesterday” 
“yes, I ate [item] 2 times yesterday” 
“yes, I ate [item] 3 times yesterday”  
Specific questions are presented in Table 2.  
To calculate a Vegetable Variety Score, each vegetable subgroup was assigned a point: 
participants receive 0 points if they did not consume an item at all in the previous day, and 1 
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point per item they consumed, regardless of number of times they consumed the item. For each 
item, participants can receive 0-1 points for vegetable variety, for a Total Vegetable Variety 
Score range of 0-5.  The item measuring beans has demonstrated good reproducibility 
(agreements = 93%, κ statistic = 0.78, Spearman correlation coefficient = 0.85), and validity 
(agreements =83%, adj κ statistic = 0.59, Spearman correlation coefficient = 0.68).20 The 
questions measuring intake of all other vegetables were derived from a single question which has 
demonstrated good reproducibility (agreements = 72%, κ statistic = 0.60, Spearman correlation 
coefficient = 0.73) and acceptable validity as compared to a 24-hour recall (agreements = 51%, κ 
statistic = 0.32, Spearman correlation coefficient = 0.57).20 
Total Fruit and Vegetable Variety. Total FV Variety was operationalized as the total 
number of distinct FV subgroups consumed at least once in the day prior to measurement. It was 
calculated as the sum of total fruit variety score (0-2) and total vegetable variety score (0-5). 
Possible scores for total FV variety range from 0-7.  
Intention to Lose Weight 
Intention to lose weight was assessed using one item on the SPAN survey which asks: 
“What are you trying to do about your weight?” with response options including: lose weight, 
gain weight, stay the same, or nothing. This weight behavior question was shown to have good 
reproducibility (agreements ≥ 85%, κ statistic = 0.78, Spearman correlation coefficient = 0.86).20 
Body Mass Index 
Height and weight were measured by trained research staff using a standard protocol.21 
Height was measured to nearest 0.1 centimeter with a portable stadiometer (Perspectives 
Enterprises Portable Adult Measuring Unit PE-AIM-101, Portage, Mich).21 Weight was 
measured to nearest 0.1 kg with portable digital scales, either Tanita BWB-800S or SEXA 770 
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Arlington Heights, Ill.21 Regular quality checks were conducted with a 5% repeat of child 
measurements.21 Height and weight were used to calculate body mass index (BMI). Overweight 
and obese classifications were based on current CDC growth-charts which are age and gender-
specific.22 Participants were classified as having overweight if they have a BMI ≥ 85th percentile 
– 95th percentile; and having obesity if BMI >95th percentile or higher.22 Very few respondents 
fell into the underweight category (2.24% of weighted sample) so this group was combined with 
the normal weight category.  
Socioeconomic Status 
School-level socioeconomic status (SES) was assessed based on the percentage of 
students classified as economically disadvantaged at each school and was assigned to each 
student at that school.  SES was categorized into tertiles (high, middle, and low) based on the 
distribution of percentage of economically disadvantaged students across Texas SPAN schools. 
This was reverse-coded so that the tertile with the highest percentage of economically 
disadvantaged students was considered the lowest school-level SES tertile, and the tertile with 
the lowest percentage of economically disadvantaged students was considered the highest 
school-level SES tertile. 
Texas-Mexico Border Status 
 Living in a region on the Texas-Mexico border was assessed at the school-level. 
Participants are classified as living in a border or non-border region.  
Demographic Factors 
 Other demographic factors assessed included age, gender, and self-reported 
race/ethnicity. Race/ethnicity was considered using three categories: Black/African-American, 
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Hispanic/Latino, and White (non-Hispanic). All other race/ethnicities were included in the White 
group.  
Data Analysis 
 To assess group differences in fruit variety, vegetable variety, and FV variety scores, 
assumptions of normality were tested and all other statistical assumptions for the analyses were 
assessed. All analyses were adjusted for survey weights.19 A linear regression was conducted to 
examine if FV variety varies by weight status (H1). Models were run before and after adjusting 
for gender, grade, race/ethnicity, school-level SES tertile, and border status. A linear regression 
was run to test for an association between FV variety and intention to lose weight, before and 
after adjusting for gender, grade, race/ethnicity, and school-level SES tertile (H2). 
Results 
 Baseline sociodemographic data stratified by weight status are presented in Table 3. The 
weighted survey sample population was 51.0% male, 52.8% 8th graders, and 51.1% Hispanic; 
42.4% of participants were in the highest school-level SES tertile which is composed of schools 
with the lowest percentage of students who are economically disadvantaged. In the weighted 
sample, 78.2% of participants live in non-border regions. When stratified by weight status, 
significant differences were found by gender (p=0.022), race/ethnicity (p=0.009), school-level 
SES tertile (p=0.002), and border status (p=0.0013)
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Table 3. Baseline Sociodemographic Factors Stratified by Weight Status, Texas SPAN, 8th and 
11th grade students 
Full Sample Normal weight Overweight Obese  
Gender    p=0.022 
Male (51.0%) 57.7% 16.7% 25.6%  
Female (49.0%) 62.0% 19.2% 18.8%  
Grade    p=.1887 
8th (53.8%) 59.4% 16.5% 24.2%  
11th (47.2% 60.3% 19.5% 20.2%  
Race/ethnicity    p=0.009 
White (36.3%) 68.5% 14.3% 17.3%  
Hispanic/Latino (51.1%) 53.7% 21.1% 25.1%  
Black/African-American 
(12.6%) 
59.5% 15.2% 25.3%  
School-level SES tertile    p=.002 
Low (30.3%) 55.6% 19.9% 24.5%  
Middle (27.4%) 56.4% 15.8% 27.8%  
High (42.4%) 65.0% 17.9% 17.1%  
Border Status    p=.0013 
Non-Border region (78.2%) 61.6% 17.4% 21.0%  
Border region (21.8%) 53.3% 19.7% 27.1%  
n=9,056; N=659, 288 
Border status refers to Texas-Mexico border 
Some percentages may not total 100 due to rounding 
 
Weight Status  
Linear regression was conducted to estimate F variety, V variety, and FV variety by 
weight status. Results of both the unadjusted and adjusted models are presented in Table 4. 
Weight status did not significantly predict variety consumption in the adjusted model, as several 
of the confounders contributed significantly to the effect of weight status on variety. 
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Table 4. Predicted Mean Fruit Variety, Vegetable Variety, and FV Variety by Weight Status, 
Texas SPAN, 8th and 11th grade  
 Unadjusted Adjusted 
BMI categories Mean Fruit Variety (SE) Mean Fruit Variety (SE) 
Normal Weight 1.10 (.03) 1.11 (.02) 
Overweight 1.08 (.52) 1.08 (.05) 
Obese 1.05 (.05) 1.03 (.05) 
 Mean Vegetable Variety (SE) Mean Vegetable Variety (SE) 
Normal Weight  1.52 (.05)  1.51 (.05) 
Overweight  1.49 (.12)  1.50 (.12) 
Obese  1.55 (.07)  1.57 (.07) 
 Mean FV Variety (SE) Mean FV Variety (SE) 
Normal Weight  2.62 (.07)  2.62 (.06) 
Overweight  2.57 (.16)  2.58 (.16) 
Obese  2.61 (.07)  2.60 (.07) 
n=9,056; N=659, 288 
Adjusted model included gender, grade, race/ethnicity, school-level SES tertile, and border 
status.  
Border status refers to Texas-Mexico border 
+reference value is the underweight/normal weight group 
 
Intention to Lose Weight  
Notably, most adolescents who had overweight or obesity reported an intention to lose 
weight (Figure 1). Of adolescents with overweight, 75.6% reported that they intended to lose 
weight; 88.7% of adolescents with obesity reported intending to lose weight. Most adolescents 
with underweight or normal weight did not intend to lose weight; however, 26.6% did intend to 
lose weight.  
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Figure 1. Intention to Lose Weight by Weight Status Categories  
 
Additional linear regressions were conducted to test for an effect of intention to lose 
weight on an association between weight status and variety consumption, before and after 
adjusting for gender, grade, race/ethnicity, and school-level SES tertile (Table 5). Before 
adjusting for confounders, intention to lose weight was the only significant modifier of the 
association between weight status and F variety consumption for adolescents with overweight 
(p=.004), for V variety for adolescents with obesity (p=.045), and approached significance for 
FV variety consumption for adolescents with obesity (p=.056). When stratified by gender, there 
were no significant differences in variety consumption by intention to lose weight within weight 
status among adolescent boys either before or after adjusting for confounders. For adolescent 
girls, before adjusting for confounders, intention to lose weight significantly modified the effect 
of BMI on V variety among adolescent girls with normal weight (p=.09), and with obesity 
(p=.002); and on FV variety for adolescent girls with obesity (p=0.001).  
Within the adjusted model, intention to lose weight modified the effect of weight status 
on F variety consumption for adolescents with overweight, with adolescents who have 
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overweight and stating that they intend to lose weight consuming significantly less F variety that 
those who do not intend to lose weight (p=.004). These effects appear to be driven by significant 
results for adolescent girls. Adolescents with obesity who intend to lose weight consume 
significantly more V variety (p=.028) and FV variety consumption (p=.045) than adolescents 
who have obesity but do not intend to lose weight after adjusting for gender, grade, 
race/ethnicity, and school-level SES tertile. In the adjusted model, intention to lose weight 
significantly modified the association of BMI on V variety among adolescent girls with normal 
weight (p=.014) and with obesity (p=.001), and FV variety among adolescent girls with obesity 
(p=.000).  Interestingly, among boys, in both the unadjusted and adjusted models, variety scores 
were higher among those who did not intend to lose weight than those who intended to lose 
weight within weight status - these differences were not statistically significant. 
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Table 5. Predicted F Variety, V Variety, and FV Variety Scores by Intention to Lose Weight 
Intention to Lose 
Weight 
Full Sample Boys Girls 
Mean Fruit Variety (SE) Mean Fruit Variety (SE) Mean Fruit Variety (SE) 
 Normal 
weight 
Overweight Obese 
Normal 
weight 
Overweight Obese 
Normal 
weight 
Overweight Obese 
Intends to lose 
weight 
1.08 (.03) 1.02 (.06)** 1.03 (.05) 1.09 (.06) 1.10 (.12) 1.05 (.06) 1.07 (.04) .97 (.05) 1.02 (.08) 
Does not intend to 
lose weight 
1.13 (.03) 1.25 (.08) 1.00 (.07) 1.17 (.06) 1.26 (.09) 1.04 (.08) 1.10 (.04) 1.28 (.16) .93 (.09) 
 Mean Vegetable Variety (SE) Mean Vegetable Variety (SE) Mean Vegetable Variety (SE) 
Normal 
weight 
Overweight Obese 
Normal 
weight 
Overweight Obese 
Normal 
weight 
Overweight Obese 
Intends to lose 
weight 
1.58 (.06) 1.56 (.17) 1.62 (.07)* 1.40 (.13) 1.38 (.24) 1.58 (.13) 1.66 (.09)* 1.67 (.14) 1.68 (.14)** 
Does not intend to 
lose weight 
1.51 (.06) 1.41 (.08) 1.35 (.11) 1.62 (.08) 1.40 (.11) 1.47 (.14) 1.37 (.09) 1.43 (.14) 1.01 (.15) 
 Mean FV Variety (SE) Mean FV Variety (SE) Mean FV Variety (SE) 
Normal 
weight 
Overweight Obese 
Normal 
weight 
Overweight Obese 
Normal 
weight 
Overweight Obese 
Intends to lose 
weight 
2.67 (.08) 2.58 (.20) 2.65 (.08)* 2.49 (.16) 2.47 (.33) 2.62 (.13) 2.73 (.11) 2.64 (.15) 2.70 (.16)*** 
Does not intend to 
lose weight 
2.64 (.08) 2.65 (.13) 2.35 (.13) 2.78 (.12) 2.66 (.17) 2.51 (.17) 2.47 (.11) 2.71 (.17) 1.93 (.15) 
n=9,056; N=659, 288 
Model adjusted for gender, grade, race/ethnicity, and school-level SES tertile; except in gender stratification – in which all other confounders were adjusted 
for (grade, race/ethnicity, school-level SES tertile 
+ “does not intend to lose weight” was used as reference value 
* denotes statistical significance at α=.05  
**, p<0.01 
***, p<0.001 
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Discussion 
No significant differences were found in FV variety between weight status categories. 
Weight status alone was not significantly associated with FV variety in any weight status 
category before or after adjusting for confounders. Results show that within weight status 
categories, there are differences in FV variety scores by intention to lose weight. These 
differences were driven by significant differences among girls; no significant differences 
were found in boys by weight status or intention to lose weight. Intention to lose weight 
modified the association of weight status on FV variety among some groups. Adolescents 
with obesity who intended to lose weight consumed significantly more V variety and FV 
variety than adolescents with obesity who did not intend to lose weight in the adjusted model, 
and significantly more V variety consumption in the unadjusted model. An inverse 
relationship was found between V variety and body fatness among adults 23; however, this 
was a relatively small sample size (n=71) and participants ranged in age from 20-80 years 
old, so findings may not apply to adolescents. Adolescents with overweight who intended to 
lose weight consumed significantly less F variety than those who did not intend to lose 
weight, in both the adjusted and unadjusted models in the current study. It is possible that 
adolescents intending to lose weight may have concerns about sugars or calories from whole 
fruit and 100% fruit juice.  
The findings that intention to lose weight modify the effect of weight status on variety 
are in agreement with some findings in existing literature. Among a nationally-representative 
sample of U.S. adolescents with overweight or obesity, adolescents with obesity who 
intended to lose weight were more likely to meet FV recommendations (quantity) than those 
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who were not intending to lose weight.24 However, adolescents with overweight and 
intending to lose weight were not more likely to meet FV recommendations than adolescents 
with overweight who were not intending to lose weight.24 The cross-sectional study cited in 
the literature looked at total servings FV per day and did not distinguish between FV types.24 
In the literature, adolescents with overweight or obesity who intended to lose weight 
and were using FV or physical activity as strategies to lose weight were more likely to meet 
FV and physical activity recommendations.24 Significant associations have been found 
between FV intake and dieting /exercising for weight control among both boys and girls.25 
Additionally, adolescents engaging in weight control behaviors were less likely to have 
inadequate FV intake.25 When stratified by gender, there were no significant differences in 
variety across FV group or weight status among boys in either the unadjusted or adjusted 
model. The significant differences in variety were driven by significant differences in FV 
variety by intention to lose weight within weight status categories among girls. In a study of 
16,252 adolescents, all weight control behaviors were more common among girls.25  
In the current study, 75.6% of adolescents with overweight and 88.7% of adolescents 
with obesity reported intending to lose weight. This is consistent with existing literature – in 
a cross-sectional, nationally representative sample of adolescents with overweight or obesity 
(n=2841), two-thirds of adolescents reported intending to lose weight.24 These data suggest 
that most adolescents with overweight and obesity are aware of recommendations to lose 
weight as indicated by the high proportion of both groups reporting that they intend to lose 
weight. These data also suggest an awareness of FV recommendations among those students, 
in that adolescents with obesity who intend to lose weight consume greater V variety than 
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those who do not intend to lose weight within their weight group. Additionally, 26.6% of 
adolescents with underweight or normal weight report intending to lose weight – this should 
be further explored.   
Associations between weight status and variety differed between adolescents with 
overweight and adolescents with obesity. While non-significant, it appears that adolescents 
with obesity consume less F variety than either adolescents with normal weight or 
overweight before and after adjusting for confounders - consumption of both whole fruit and 
fruit juice were slightly lower among adolescents with obesity. Adolescents with overweight 
who intended to lose weight (but not adolescents with obesity) consumed significantly less F 
variety than those who did not intend to lose weight, in both the adjusted and unadjusted 
models in the current study. These were the only differences in variety consumption among 
adolescents with overweight by intention to lose weight, as opposed to normal weight or 
obesity. Similar patterns in relationship to variety were expected between adolescents with 
overweight and adolescents with obesity – this was not the case. Additionally, the direction 
of the association with F variety was not expected. While recommendations support limiting 
the amount of 100% fruit juice intake in favor of whole fruits2, a meta-analysis of fruit juice 
and BMI change found no significant association between 100% fruit juice consumption and 
BMI z-score in children and adolescents aged 7-18 years old.26 However, the authors note the 
observational nature of the studies, and differences in exposure and covariate assessment as 
limitations.26 Additional analyses should be conducted to learn more about the composition 
of F variety consumption and reasons for consumption among different groups. The 
differences in F variety consumption by intention to lose weight status across under/normal 
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weight adolescents and overweight adolescents (with adolescents who intend to lose weight 
consuming lower F variety than those within their weight group who do not) warrants further 
exploration of F variety in this sample and in future research.  
Strengths and Limitations 
A strength of this study is the large, multi-ethnic sample used for analysis. 
Additionally, the data were collected using validated measurement instruments.20 
Anthropometric data were collected using objective measures. This assessment of FV variety 
relative to weight status and intention to lose weight among adolescents contributes to a gap 
in the literature, as little evidence exists regarding FV variety and adolescents, and little 
exists regarding FV variety consumption and weight status.  
This study relies on self-reported dietary data, which is a limitation. While the data do 
not examine a large variety of fruit, and only distinguish between whole fruit and 100% fruit 
juice, this analysis still contributes to the understanding of dietary behavior and FV variety as 
there is little existing literature regarding FV variety among adolescents. Due to the cross-
sectional nature of these data, no causal inferences are made due to lack of temporal 
precedence. Additionally, these results do not reflect the 2015-2020 USDA DGA 
recommendations for FV variety, which refer to variety over the course of one week, while 
these data reflect only one day. Future research on variety to examine adherence to FV 
variety recommendations should consider consumption over a week to allow for comparison 
to United States Dietary Guidelines for Americans variety recommendations.  
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Conclusion/Public Health Implications 
FV variety and intention to lose weight should both be explored further to inform 
health promotion efforts for adolescents with overweight and obesity.  As 8th and 11th grade 
students are often experiencing increasing autonomy with increasing age, a better 
understanding of the relations between FV variety consumption and weight status, and the 
importance of intention to lose weight, may be an important target for improving weight 
status in adolescence and into adulthood. Further, the utilization of weight control strategies 
including FV variety and overall consumption should be explored. 
Because FV variety is linked to intention to lose weight among adolescents with 
obesity, further increasing FV variety may be a good strategy to address weight maintenance 
among adolescents with obesity in combination with other energy balance behaviors such as 
substituting FV for unhealthy foods and integrating physical activity. While increasing FV 
intake is commonly recommended for weight loss, overall caloric intake must also be 
considered and a compensatory reduction in overall caloric intake would likely be necessary 
for weight loss.13 It appears that FV variety is a healthy lifestyle behavior among adolescents 
with obesity that could be leveraged as part of a multicomponent strategy for overall 
improved health. Additionally, V variety should be considered independently from F variety, 
as well as in combination as in FV variety due to directional differences in variety behaviors 
among adolescents who intend to lose weight as compared to those who do not. More 
research is needed to understand how FV variety fits into adolescent healthy lifestyle 
behaviors – it is possible that adolescents may be consuming FV in different forms, they may 
not be replacing unhealthy eating with FV, or they may not be participating in enough energy 
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balance behaviors such as getting enough physical activity. It is also possible that even 
though these behaviors are higher in adolescents with obesity intending to lose weight than 
those who are not, these levels may still be inadequate. 
The current analyses are focused only on dietary intake, and do not consider whether 
adolescents are using FV variety intake as a weight loss strategy, in isolation or in 
combination with other strategies. A systematic review of the effectiveness of 
recommendations to increase FV intake for weight loss found no significant evidence that 
increasing FV intake in isolation was effective for weight loss, but noted the potential for 
interventions increasing FV intake in combination with other weight control strategies.13 
These findings can inform health promotion intervention efforts intended to promote weight 
loss among adolescents with overweight and obesity, and supports the need for examination 
of the more complex factors surrounding weight loss. This is consistent with literature 
supporting multicomponent interventions to address childhood and adolescent overweight 
and obesity.27,28 Future research should consider overall weight management behaviors to 
further examine the importance of FV variety consumption with regard to weight status to 
assess if intention to lose weight is associated with other healthy lifestyle behaviors, and if 
intention to lose weight in combination with other behaviors is effective for weight control or 
weight loss.  
F variety should be further explored in future research. It appears that aside from 
adolescents with obesity, adolescents (underweight/normal weight and overweight) who 
intend to lose weight consume less F variety.  In general, FV variety may be an important 
target for health promotion among adolescents, as it may have implications for overall 
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healthy lifestyle behaviors in adolescence. Further, the persistence of childhood and 
adolescent lifestyle behaviors into adulthood, especially as related to excess body weight, 
strengthens the need for better understanding of adolescent FV variety behaviors and 
associations with weight status and intention to lose weight, and how these behaviors fit into 
overall healthy lifestyle behaviors.
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CONCLUSION 
The overall aims of this dissertation were to: systematically review current evidence 
operationalizing FV variety; examine associations between variety of FV consumed and 
demographic factors, and between FV variety and dietary quality among a multi-ethnic 
representative sample of 8th and 11th grade students in Texas (Texas SPAN); and examine 
associations of weight status and intention to lose weight with FV variety among the Texas 
SPAN sample of 8th and 11th grade students in Texas. This dissertation fills a gap in the 
literature as there is little research to date examining FV variety among adolescents.  
A systematic review of FV variety operationalization in the literature demonstrated 
that there is substantial variation in how F variety, V variety, and FV variety are 
operationalized. Food Frequency Questionnaires14,16,33-52 and 24-hour dietary recalls53-64 were 
the most common measurement instruments, and most studies focused on adults14,16-
20,37,39,40,42-48,50,52,53,55,56,58-60,62,64-71, or adults in combination with children or adolescents.34-
36,49,72-74 Only four studies focused specifically on adolescents33,38,57,75, and two studies 
focused on children.54,61 Additionally, country- and region-specific FV types are often 
tailored to the study purpose or population16,17,19,52,53, and seasonality is often considered. 
14,16,33,53,71  Major findings from this review include findings of positive associations between 
FV variety and nutrient intake47,58,74,76, likelihood of meeting intake recommendations49,74, 
and better dietary quality index scores.23,42 FV variety is also associated with healthy lifestyle 
habits16,42,52,53,55, various aspects of quality of life36,65, reduced risks of some cancers19,39, and 
FV variety changeability is supported by the literature.14,44,56  
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An examination of the associations between FV variety and demographic factor 
showed that FV variety appears to be a better predictor of healthy eating patterns than FV 
consumption; this was more pronounced in students in the higher SES tertile, which in this 
sample included schools with the student population up to 70% economically disadvantaged. 
Boys consumed a higher F variety than girls, with no gender differences in V variety or FV 
variety, although previous work has shown that FV consumption is usually higher among 
girls than boys.77 Adolescents in non-border regions had higher FV variety and V variety 
than adolescents in regions along the Texas-Mexico border. No significant differences in 
variety were found by race/ethnicity; in contrast, other studies have documented difference in 
FV consumption and correlates by race/ethnicity78-81, and Hispanic youth have been found to 
have higher FV intake than White or Black/African-American adolescents in a systematic 
review.79 Additionally, F consumption was associated with lower healthy eating scores in 
lower and middle SES tertiles, but higher healthy eating scores among the higher SES tertile. 
FV variety and FV consumption appear to represent different parameters of diet quality 
based on these findings. 
An examination of the associations between FV variety and weight status showed no 
significant differences in variety by weight status. Significant differences exist in FV variety 
within weight status by intention to lose weight, with greater V variety and FV variety among 
adolescents with obesity who intend to lose weight than those in their same weight class who 
do not intend to lose weight. Significance in the full sample was driven by significant 
differences among girls. Weight control behaviors have been found to be more common 
among girls.82 Among girls with obesity, intention to lose weight was associated with 
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significantly higher V variety and FV variety than among those who did not intend to lose 
weight. Adolescents with obesity who intend to lose weight have been shown to be more 
likely to meet FV consumption recommendations than adolescents with obesity not intending 
to lose weight.83 Other findings regarding weight status and intention to lose weight include 
that over 26% of adolescents with normal and underweight reported intended to lose weight; 
most adolescents with overweight (75.6%) and obesity (88.6%) reported intending to lose 
weight.  Other studies found that lower percentages (around 67%) adolescents with 
overweight or obesity intend to lose weight.83  
 Major findings from this dissertation indicate that FV variety is important relative to 
overall healthy eating independent of FV consumption. FV variety differs by demographic 
factors, weight status, and intention to lose weight, and FV variety is an important aspect of 
dietary behavior to measure in addition to consumption. There are substantial differences in 
how variety is measured. There is a need for more consistent and detailed reporting of variety 
operationalization and FV item categorization to allow for comparison across studies; 
national or international guidelines could be used to provide this needed structure. The 
associations of FV variety and nutrient intake, reduced risk of some cancers, the evidence 
that FV variety consumption can be changed through intervention, and the diversity of FV 
variety by location or season support the importance of FV variety as a target for health 
promotion efforts. The demonstrated differences in FV variety by sociodemographic factors 
and the association of V and FV variety with dietary quality outside of FV consumption 
support a comprehensive approach to examining and improving dietary habits and a need to 
tailor approaches for different groups. The differences in variety by intention to lose weight 
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among adolescent girls suggest that FV variety may be a healthy behavior that could be 
leveraged and upon which other healthy lifestyle or dietary behaviors could be added. Health 
promotion and weight control efforts should consider FV variety as an important component 
of overall healthy lifestyle behaviors to improve health for adolescents and into adulthood.  
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